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FOREWORD 

to 

Blood, The Journal of Hematology 

M edicine is not a smglc science but depends on the integration of a number 
of sciences for the specific purpose of understanding the nature of disease 
as a natural phenomenon and the application of these to the prevention and 
treatment of ill health As stated by Gabriel Andral of Pans a hundred years 
ago, hematology is a branch of the natural sciences for the study of the blood 
Thomas Schwenicke in 1743 used this term and published a treatise on the subject 
Andral is especially to be remembered as the first man to urge chemical examination 
of the blood, which led him in 1843 to the conclusion that there arc primary blood 
diseases Hematology is indeed to be considered as one of the branches of internal 
medicine 

Much knowledge and progressive inrerest has developed concerning the blood 
and Its disorders in the past quarter century, so that now one may feel that a 
medical journal in English devoted to this subject is appropriate 

Medical journals should further knowledge and aid in disseminating it through 
the civilized world and in sifting the important pieces of work from the less 
significant on the basis of the presumably sound judgment of the editors This 
journal should tell the reader of recent advances in the field of the blood and 
clarify those issues about which there is confusion One hopes that papers will 
concern not only the blood cells but the development of knowledge concerning 
plasma fractions, the study of blood coagulation, and the like The geneticist 
will wish for information relating to heredity in blood disease Problems will 
concern infections with their varying leukocytic changes, the hematologic re- 
actions to drugs as well as the different types of anemias, the leukermas, poly- 
cythemias, purpuras, and allied disorders Questions concerning the use of heparin 
and dicumarol for reducing the coagulability of the blood, splenectomy, the 
proper use of transfusions of blood, the strange story of the Rh factor, the knowl- 
edge regarding vitamin K and prothrombin, and the consideration of hemolytic 
anemias are among the subjects which need further clarification The bone marrow 
cells, the lymphatic tissues, as well as therapeutic developments will presumably 
command attention The prevention of disease by study of the blood is important 
Various industrial poisonings may be prevented by careful studies of the blood, 
and topics of this sort may be looked for 
The correct diagnosis is a prerequisite to efiicacious treatment Occasionally 
leukemia may be suspected by clinical manifestations although the blood cells 
may show relatively little alteration On the other hand there may not be ob- 
jective symptoms but the blood may yield full evidence of the disease This sort 
of problem may receive elucidation in this journal 
Illustrations, especially in color, are important for the study of hematology 
Often, however, language must serve to appeal to the senses when the objects 
themselves cannot be presented The lability of children s blood is noteworthy. 
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and the hematopoietic equilibrium in infants is even less well established than 
in the child One must appreciate the instability of the blood in younger individ- 
uals Here leukocytosis may be more striking Lymphocytosis develops with 
great ease in children, and such changes must be appreciated Nucleated red cells 
may appear following a brisk hemorrhage where only polychromatophils would 
appear in an adult 

Medicine has to deal with human personality and human hopes and fears, and 
the ph)sician will not succeed who does not appreciate the patient as a whole, 
including his mental anxieties In medicine things spiritual and things material 
must both be appreciated in considering any one person At present science has 
outrun philosophy, narrow specialization is the order of the day, and those in- 
terested in disorders of the blood should recall the importance of medicine as a 
whole Science may deal with those aspects of human experience which arc amen- 
able to treatment by the scientific method, but in medicine one must deal with 
the human life, and one needs to adopt a practical attitude to the unknown 

It must not be forgotten that hematology is but one branch of general medicine 
and that physiolog)' and the like bring much of significance to it One must tecall 
that the happiness of patients takes precedence, at least after diagnosis has been 
established Real sympathy and concern for the patient arc essential but must not 
interfere with one s determination to gain all possible information about the 
underlying disease Clinical investigation takes a variety of forms the aim should 
be to undertake fundamental problems The best clinical investigator must be an 
able clinician, have wide interests, and understand human beings He must possess 
an active, creative imagination and scientific curiosity, but the center of his activ- 
it) must be the patient 

December George R Minot 
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A Brief Survey of Its Chemical Components and of Their 
Natural Functions and Clinical Uses* 

B) Edwin J Cohn, Ph D 

B lood has probabl) been studied more intensively in recent jears than has anj 
other tissue This is parti) because of the ancient tradition of its central posi- 
tion in the scheme of life, and partly because of the safet) with which relativel) 
large amounts can be withdrawn from or injected into man, in health or disease, for 
study or for therap) 

The availability of blood and its fluidity have given a deceptive impression, how- 
ever, that It can be characterized as a whole The brilliant investigations of Land- 
steiner at the turn of the century resulted in the recognition of a series of types of 
blood, and their number has increased as more and more observations, carefully 
carried out, have revealed greater and greater complexity Besides the isoagglu- 
tinins which react with the A,, Aj, or B agglutinogens, there are the various ty'pes 
of anti-Rh antibodies, anti-Rho, anti-Rh', anti-Rh", and the late or blocking 
antibodies which have been recognized by the phenomenon of cell agglutination 
We must, and do, characterize the whole blood in terms of these categories To the 
best of our knowledge, however, the phenomenon of cell agglutination depends 
upon the surface of the red cell, certain environmental variables, and a very small 
group of plasma proteins, the isoagglutinins The isoagglutinins are not the 
carriers of the immune, the osmotic, the respiratory, the coagulating, or the pressor 
properties of the blood They are a genetic inheritance and normally represent less 
than a tenth of i per cent of the plasma proteins 

Although the importance of the red cell in concentrating within its en^ elope a 
series of specialized chemical reagents cannot be overemphasized, the specificity of 
cell agglutination, upon which blood grouping depends, does not involve the 
hemoglobin, the carbonic anhydrase, the hypertensinase, or the host of other 
enzymes whose functions within the red cells remain to be apprehended Safety of 
red cell transfusion demands an ever increasing and more detailed knowledge of the 
agglutination phenomenon and of its control, and the steady gro\% th of hematology 

From the Department of Ph) sical Chemistr) Harvard Medical School Boston 
* Our loion ledge of blood has been accumulating for so man) centuries that adequate references to the 
literature regarding each point referred to \\ouId occup) more space than this bnef essa) Immunology 
and ph)sioIog) pharmacolog) and histolog) ph)sics chemisen medicine and surger) ha\c all con 
tributed to this knowledge A partial bibliography regarding blocxl and blood dcriyatncs is published 
in Scunct tn Prp^rejj Yale Unnersif) Press Fourth Series 1945 pages 319-2.3 Recent studies upon sepa 
rated plasma components yyhich h*NC led to clinical uses ha\c been reported in the Journal of Cltntcal 
/nra//g4y;/<7;;, y olume 13 pages 417-606 1944 yoIumcL4 pages 661, 671 698 704 793 and 8,^ 1945 
and articles to be published shortly in the same foumal in the Journal oj the American hUdteal Association 
yolume 12^ P^igc 976 1944 yolume 116 pages 469 674 6S0 and 944 1944 volume 1x7 page 144 1945 
yolume 118 pages 1062. and 10S8 1945 and volume 12.9 page 170 1945 in the Bulletm of the 'Seir 'iork 
Academy of Medicine Second Senes volume ii page aox, 1945 in Surgery volume 18 page 347 1945 
and in the American Journal of the Medical Sciences volume -10 page 661 1945 
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IS ) iclding such knowledge, as well as knowledge of the diverse products and proc- 
esses upon which the multiple functions of the blood depend 

Bacteriolog} has long recognized groups of substances in the blood which con- 
tribute to resistance to infection Early workers distinguished between complement 
and specific antibodies on the basis of the greater thcrmolability of complement 
Complement is, however, a complex of at least four different components, certain 
of which have been recognized and concentrated as cuglobulins by precipitation 
near their isoelectric points No one of the components of complement that have 
been thus separated represents as much as i per cent of the plasma proteins 

The group of globulins which have thus far been most clearly identified with the 
antibody functions of the blood, the 7-globulins, represent approximately ii per 
cent of the plasma proteins In this bundle of globulins are concentrated the anti- 
bodies to many of the common infectious agents to which man has been exposed 
The y-globulms will, therefore, differ not onl) in amount, but also in kind, from 
man to man, and from time to time in the same man, depending on the one hand 
upon his response to new antigens and on the other upon the complex system which 
controls the equilibrium between these and other plasma proteins and the ussucs 
from which they come and in which they are stored The pooling of the y-globuIms 
from a population offers a means of characterizing the state of immunit} of that 
population Even when injection of such antibodies is proven to have proph) lactic 
value, however, as in the case of measles and infectious hepantis, the immunization 
IS short-lived, rather than lasting Lasting immunity prcsumabl} depends upon the 
tissue mechanism of antibody production rather than upon the antibodies, which 
like all plasma proteins have but a short life in the blood stream and are released m 
the repeating pattern which reflects the antigens to which the body has been ex- 
posed 

Just as the immune bodies of the blood are considered as a protective mechanism 
against infection, so the substances involved in the coagulation of the blood ma) be 
conceived of as a protective mechamsm preventing the loss of the circulating fluid 
of the body externally, or into tissue spaces Most of the molecules in this mechan- 
ism are component parts of the plasma and are proteins Since the elements of 
the solid blood clot must always be present, many of them exist in the flowing 
blood in a precursor state 

Physiolog}% on the basis of experiments and a developing theory, had postulated 
the existence of many substances involved in blood coagulation, which have in 
recent years been concentrated and purified Among them is the structural clement 
of the fibrin clot, the long rod-shaped fibrinogen molecule, which represents but 3 
per cent of the plasma proteins Were it present in larger amount it would so grcatl) 
increase the viscosity of the blood, by virtue of its asymmetric structure, as to im- 
pose a great burden on the heart 

Fibrinogen is transformed to fibrin by another protein, thrombin, but thrombm 
too exists in the blood in a precursor state as prothrombin The production of 
prothrombin by the tissues is related to vitamin K, and this substance can be used 
to influence, within limits, the concentration of prothrombin in the blood stream 
The transformation of prothrombin to the active state, thrombin, requires the 
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presence of calcium and of tissue lipoprotein, called thromboplastin by virtue of 
this property Fibrinogen, vitamin K, prothrombin, thrombin, and at least certain 
tissue thromboplastins have now been prepared in sufficiently pure states so that we 
may look forward to very careful studies of the chemical transformations involved 
in the coagulation process and to the possibility that this increasing knowledge 
may also lead to increasing control 

Besides fibrinogen and prothrombin, the components necessary to form the clot, 
the blood stream carries a fibrinolytic enzyme capable of dissolving the clot 
Moreover, there is some evidence that this enzyme also exists in the plasma in a 
precursor state requiring activation before its full proteolytic function can be per- 
formed This proteolytic enzjme has thus far been less completely studied than 
fibrinogen and prothrombin and thrombin Its possible value in therapy remains 
to be determined 

Another component of normal plasma related to the clotting of the blood has 
been recognized because of its absence in a group of individuals The so-called anti- 
hemophilic globulin has been concentrated in a fraction of plasma (Fraction I in 
the system represented in figure i) which also contains fibrinogen, but the evidence 
available suggests that this globulin is not fibrinogen Its presence may be demon- 
strated in systems from which fibrinogen has been removed by thrombin or by heat 
coagulation Although its separation as a chemical individual has not as yet been 
accomplished, the capacity of the antihemophilic globulin to bring the clotting 
time of hemophilic blood to normal, both in vivo and in vitro, indicates its poten- 
tial value in the prophylaxis and therapy of this serious disease 

In the coagulation process, as in the action of complement, many substances, 
most of them proteins, thus play interrelated roles Another group of substances 
appears to interact to produce widespread constriction of blood vessels As in the 
case of the proteins involved in blood coagulation, our knowledge of these sub- 
stances has heretofore been developed largely in physiology Something of their 
chemical nature begins to be known, however, and their separation and concentra- 
tion to any necessary degree of purity would appear to be possible In this system 
also the component circulating in plasma is a precursor substance, protein in nature, 
hypertensinogen Hypertcnsinogen is one of the a-globulins It is somewhat labile 
in vitro and in vivo interacts with a substance, renin — liberated from kidne) tissue 
(under certain conditions) — to yield a peptide called hypertensin * Hypertensin 
appears to be the active substance which leads to constriction of the blood vessels 
Its concentration in blood plasma is, however, rapidly reduced by an enzyme, 
hypertensinase Hypertensinase is present in the plasma, but in far larger amount 
in the red blood cell 

What are the interrelations benveen enzymes of this kind in the plasma and in the 
red cell? Do they perform the same or supplementary functions’ Are they the same 
chemically, or will they reveal chemical differences related to their specific func- 
tions? There is phosphatase in the red cells Phosphatase and cholinesterase clearl) 
have functions related to the phosphatides and cerebrosides, and the lipases and 
proteolytic enzymes to the lipids, lipoproteins, and proteins, of the blood stream 

* Various workers has c gi\ to ' arious names to all of these substances e g , h) pertensm has also been 
called angiotonin 
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The complex interrelations of the man} substances constantl} being built up and 
destro}ed, as is ell as transported and released to, or absorbed from, the tissues 
have in some degree been revealed in recent } ears Their detailed exploration and 


Plasua Proteins Their Naturae Functions and Clinical Uses and Separation into Fr actions 



This figure IS laLen from that in JfHwf (Vol loi No x6il pp 51-56 1945), somev hat modified 
to represent the most recent advances in the fractionanon process See also Methods for the Preparation 
of Ann-A Anti B and Anti Rh Isoagglutinm Reagents b> J L Oncle) , M Melin J W Cameron 
D A Richert, and L K Diamond (Annals of the New York Academs of Sciences In Press) 

exploitation in the interests of chemical, and perhaps of clinical, control remains to 
be accomplished 

Lipoproteins of man) kinds have been separated from the plasma, and their in- 
vestigation as chemical substances ma} well throw light on their nature and func- 
tions Lipids have been found in more or less labile combination with a and 
/9-globulins The lipid components of these complexes are phosphatides, carote- 
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noids, fatty acids and cholesterol, and presumably other fatlike substances The 
mode of combination is by no means proven, but it is of unquestioned significance 
that many of the fatty components of the plasma which had previously been be- 
lieved to be free appear to be combined with protein Moreover, their concentration 
under controlled chemical conditions has routinely yielded a scries of characteristic 
lipoprotein fractions The best estimate at the present time is that about a quarter 
of the plasma proteins are lipoproteins 

Three groups of the plasma proteins that have been prepared in relatively pure 
state are substantially free of lipids fibrinogen, the 7-globulins, and the albumins 
Certain a- and / 3 -globulins, poor in lipid, have also been prepared (in Fraction 
IV-3 and studied both in the laboratory and in the clinic The interrelation be- 
tween these globulins, lipid-frcc and in combination with lipid, remains to be 
investigated 

Albumins arc by far the most abundant of the plasma proteins They arc readily 
purified and aystalli2cd Free of carbohydrates, crystallized human scrum albumin 
IS composed of a small percentage of fatty acids in addition to the amino acids of 
which most proteins arc constituted The nature of the specific properties that 
these substances contribute to the albumins also raises interesting problems 

Albumins are the most symmetrical of the plasma protems Their solutions have 
therefore the lowest viscosity, a X5 per cent solution being iso-viscous with whole 
blood The molecular weight of the albumins is half that of most globulins and one 
sixth that of fibrinogen Only one in every hundred plasma protein molecules is 
fibrinogen, whereas two out of every three arc albumin molecules The albumins arc 
responsible for most of the osmotic efficiency of the plasma and arc thus largely 
responsible for the maintenance of blood volume The use of albumin in the restora- 
tion of blood volume in shock and other conditions and as a diuretic agent in cir- 
rhosis of the liver and nephrosis is discussed in a series of recent clinical papers 

The different highly specialized proteins of the plasma perform very different 
functions and arc present in very different amounts Thus the isoagglutinins repre- 
sent less than one tenth of i per cent, each component of complement less than i per 
cent, prothrombin less than one tenth of i per cent, fibrinogen 3 per cent, the 7-glo- 
bulins II per cent, the a- and / 3 -globulins, of which 14 per cent are lipoproteins, 
represent 31 per cent, and the albumins about 55 per cent of the plasma proteins 

All the plasma proteins together, however, represent but 7 per cent of the normal 
plasma, or roughly 4 per cent of the blood The amount of protein in the plasma 
thus IS small in comparison with that in the red cell Since roughly 30 per cent of 
the contents of the red cell is hemoglobin, or iz to 14 per cent of the blood is hemo- 
globin, three to four times as much protein is present within the red cell as in the 
plasma 

Hemoglobin, like the other proteins of the blood stream, is highly specialized 
for the functions it performs The importance of the respirator) function and the 
copiousness of this blood-red protein has led to a centurj of ph) siologic and clinical 
investigations, supplemented in more recent ) cars by organic chemical studies of 
the structure of the iron-containing moiety, heme, which is the prosthetic group 
attached to the protein globin, and b) phjsicochcmical studies upon hemoglobin 
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and us interactions especially with electrolytes, carbon dioxide, and oxygen The 
atomic weight of ox)gen is i6 and of iron 55 Each iron atom combines with an 
oxygen molecule, that is, two oxygen atoms The iron, however, is part of the heme 
group with a combining weight close to 700 The heme is attached to the globin, 
each iron atom to a unit of 16,700 equivalent weight Iron-containing proteins 
concerned with respiration in muscle, known as myoglobin, are of this size, but the 
hemoglobin of the blood stream has a molecular weight of at least 33,400 and gen- 
erally of 66,800 In the former state it combines and transports two, in the latter 
four, ox-ygen molecules The molecules devised by nature for the efficient transport 
of oxygen to the tissues thus have a mass roughly 500 times that of the oxygen to be 
transported 

Why IS the hemoglobin of the blood stream contained within cell walls? The 
proteins which perform comparable respiratory functions in many forms of life 
are free in the fluid part of the blood The proteins dissolved in the fluid part of the 
blood of animals rarely exceed to per cent, as contrasted with the 30 per cent of 
hemoglobin contained in the red blood cell If this concentration of hemoglobin 
were free in the blood stream, it would bring about a redistribution of many com- 
ponents other than oxygen It is the way of the body, or appears to be to those 
concerned with the study of its mechanism, to evolve processes which in enhancing 
the efficiency with which certain functions are performed do not inhibit others 

The function of transporting oxygen by the hemoglobin within the red cell in- 
volves a complex mechanism permitting maximum combination with oxygen in 
the lungs and release of oxygen in the tissues As carbon dioxide increases, the 
hemoglobin unloads the oxygen which it has transported Carbonic anhydrase 
accelerates and renders more efficient this process In addition, the red cells contain 
other enzymes, including a catalase and a phosphatase The presence of these en- 
zymes suggests the nature of certain of the chemical reactions which arc involved 
in the internal economy of these cells These vital processes also appear to limit the 
life of the red blood cell, both in the blood stream and in the blood bank, under 
even the best methods of preservation at present known 

No other part of human blood has so significant a function in transporting oxygen 
to the tissues, in permitting the very great activity and high order of mammalian 
respiration When, therefore, there is great blood loss from a wound, when a major 
operation is to be performed, or when the anemia which frequently occurs in conva- 
lescence from wounds must be combated, red blood cells must be supplied in amounts 
adequate to restore the oxygen-carrying capacity of the blood In how many condi- 
tions red cells resuspended in media containing certain, but not necessarily all, of 
the plasma proteins and free of the iso-agglutinms will prove as valuable in therapy 
as .whole blood remains to be determined All of the components playing a role in 
the control of all of the functions performed by the cells and plasma may not be 
needed in prophylaxis or in therapy in all conditions, and those that are needed 
may have far greater value if made available in greater amount than their normal 
concentration in the blood or plasma 

It has proven possible to purify and concentrate certain of the plasma proteins, to 
prepare products from them, and to determine their clinical uses Other products 
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derived from the cellular as well as the fluid part of blood can also be made avail- 
able Whether or not the natural products concentrated within the red cell can be 
as effectively employed as concentrates, of value in specific conditions, as those that 
are usually free in the plasma, can only be determined by careful, long-range experi- 
ments All of these products may be separated, purified, and concentrated from the 
same blood The chemist is fulfilling his function in developing methods for the 
preparation of derivatives which are more concentrated, stable, and specific agents 
than the blood from which they are derived Starting with the assumption that 
every part of human blood performs an important natural function, we must 
make available in the postwar world, as we have in the war, as many as possible 
of Its diverse cellular, protein, and fatty components, separated and concentrated 
as specific therapeutic agents, of value in different conditions, in the interests 
of the most effective and economical use by a societj of the blood which it 
contributes 



PRIMARY CONGENITAL AND SECONDARY ACQUIRED SPLENIC 

PANHEMATOPENIA 

Charles A Doan, M D , and Claude-Starr Wright, M D 


I N the consideration of human health and disease, the spleen has now become of 
much greater interest pathologicall) than ph} siologicall) This is a distinct 
reversal of the situation ei'cn of a few years ago That the spleen is nonesscntial at 
an} age to the maintenance of life and health is amply attested b} experimental 
extirpation of that organ in man) animal species, and b} the accumulated expcri 
ence of emergenc} splcnectom} for traumatic rupture of the normal human spleen * 
Most of the recent progress, therefore, in our understanding of this enigmatic 
organ has been made through an increasing!} critical stud} of human disease 
syndromes The inferences suggested b} the available histologic and ph}siologic 
data have become magmfied, thereby, into an increased awareness of the impor- 
tance of splenic patholog}' Furthermore, if and when such patholog} remains 
unrecognized in the human patient, chronic invalidism or acute, fatal hemoclastic 
crises ma} result 

In the interest of simplification and clarity, a correlation of the currentl} ac- 
cepted knowledge relating to the spleen may be attempted diagrammaticall} (fig 
i) There are three rather obvious structural subdivisions in the spleen which sen c 
as the natural basis for functional and pathologic considerations (i) the vascular 
system, (z) the l}'mphoid s} stem, and (3) the rcticulo-endothclial system Without 
attempting here to enter into a discussion of the controversial and conflicting c\i- 
dence- ^ relative to the anatomical details of the sinusoidal circulation, it is quite 
evident that the smooth muscle in capsule and trabeculae, together with the 
vascular s} stem of the splenic parcnch}ma, serves admirabl} as the structural basis 
for the reservoir function for blood cells and plasma, so well established b} the 
classical experiments of Barcroft^ and others ^ Pathologicall} , there ma} be paren- 
ch}mal congestion with splemc enlargement and excessive sequestration of plasma 
and cellular elements secondar} to m} ocardial incompetence, bacterial toxemia, or 
hepatic cirrhosis with portal h}'pertcnsion The spleen is a l}mphatic organ with 
typical l}mph sinuses and follicles, the germinal centers of Fleming reflecting 
normal 1} mphopoiesis The ph} siologic function or functions of the lymphoc} tes 
continue under mi estigation and discussion It has become more obMOus with 
each succeeding stud} that the} are not simply precursors of other blood cell t} pcs, 
as originall} h}'pothesized Probabl} they have to do wuth endogenous protein 
metabolism, more specificall} with globulin antibody elaboration in association 
with the rcticulo-endothclial phagoc} tes ® ‘ The characteristic, nonspecific, 
postinfcctivc peripheral 1} mphoc} roses, and the infiltrative phenomena in localized 
tubercle formation and chronic abscesses are the obvious pathologic ct idcnce of 
the more subtle role pla}cd bt these elements in the body s cellular and humoral 
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Fig I 


defenses The 1> mphopoietic foci in the splenic parenchi ma reflect and parallel the 
general lymphoc} tic responses in the bodj , participating in the hj-perplastic re- 
actions in chronic I) mphatic leukemia, infectious mononucleosis, serum sickness, 
and other types and varieties of protein sensitizations and intoxications It is, 
however, within the reticulo-endothelial sj stem of phagocj tic cells that the prin- 
ciple mysteries of the pathologic role of the spleen in human disease probablj re- 
side The R-E system of cells is made up of specific endothelia and reticulum 
cells endowed with special phagoc) tic capactities The reticulum cells of the adult 
diffuse connective tissues behave as do primitive mesenchjmal elements with em- 
brjonic potentialities They give rise to other reticulum cells and to the primitive 
free cells from which monocytes differentiate and mature The fixed endothelial 
cells, lining the vascular and lymphatic sinusoids, have a marked phagoc) tic capac- 
ity both in situ and as free, desquamated clasmatoc) tes ’ ® Under appropriate 
circumstances, this focus of potentiall) developmental and embr) onic-like mesen- 














li 


SPLENIC PANHEMATOPENIA 


ch) mal tissue in the spleen ma) revert to a compensatory t}'pc of ectopic blood 
cell formation in the adult (m)eloid metaplasia) 

The normal spleen, thus, is an organ in which blood cell formation, blood cell 
sequestration, and blood cell destruction are balanced phjsiologic functions If 
this be true, at an) time a pathologic d)sfunction in any one of these categories 
mat detelop with the appearance of a variety of clinical syndromes It may also 
be conceded that a congenital accentuation or diminution in these ph)siologic 
functions might be expected occasionally, and that under certain circumstances, 
as the spleen becomes intolved secondarily in a general constitutional disease 
process, a delicatel) balanced splenic equilibrium ma) be upset 

During the past fifteen ) ears in our Hematologic Spleen Clinic we have obsen’ed 
a large t ariet) of disturbances in the citculating blood cell equilibria, due to splenic 
d) sfunction This does not mean, of course, that the bone marrow and other organs 
ma) not also modif) and contribute to the hematologic and clinical picture in 
a given s)ndrome The definitive proof of the primacy of the splenic influence in 
an) given instance is the favorable result of total extirpation of all splenic tissue, 
medical management having proved completely ineffective When this test of 
surger) has been applied in acquired secondary, as well as in apparent primar) 
splenic disease syndromes, the completeness and permanency of the resulting cellu- 
lar and clinical rc-cquilibration furnish the ultimate criteria of the physician s 
diagnostic acumen 

The acute or chronic selective sequestration and destruction of red blood cells 
(congenital or acquired hemol) tic icterus),*® platelets (thrombocytopenic purpura 
hemorrhagica),** and granuloc)ces (primary splenic neutropenia),*- respectively, 
associated with a hyperplasia of highly phagocytic R-E cells, with or without 
demonstrable splenic enlargement, have been treated successfully by splencctom) 
Definite, though secondary and usually asymptomatic, decreases in one or more of 
the circulating cell types not primarily involved have been noted in the previous 
communications dealing with each of the above as a separate clinical entity 
Under such circumstances, it has been possible usually to observe a modified degree 
of abnormal clasmatoc) tic phagoc) tosis of the affected elements in supravital 
studies of the cellular detail of the freshly removed spleen * In one of our patients 
with acute splenic neutropenia, for example (case 4*-), there was an accompan)ing 
profound thromboc) topenia wnth clinical manifestations of purpura, without any 
appreciable hemolytic anemia, which emergency splenectom) completcl) and per- 
manent!) corrected In another chronic neutropenic s)ndromc in a 65 )car old 
woman (case 3*-), followed for more than a year before surgery, there developed 
under obsertation, secondar) thrombocytopenic and anemic cellular and clinical 
manifestations, entirel) absent when the patient was first seen with a selective 
neutropenia onl) Our patients with active congenital hemol) tic icterus (sec fig 
I*®) more frcqucntl) than not hate shown an associated moderate leukopenia and 

* These observations are at sariance with our own, which indicate an unusual inhibitor) effect of an 

ovcractjvc spleen upon the bone ma^ro^^ rather than one ^ holl v due to unusual •^uestration and phagn- 
cy tosis ^nchln the spleen \\Tiate'er the infcrprctauon however, the nvo points of vie^r coincide as to 
the realm of the pathologic s}'ndroroes cited and the clfeas of splcneaom) — Edito^i 
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thrombocytopenia, which were immcdiatcl} rclictcd following successful splenec- 
tomy The normoblastic marrow hj-perplasia may have played a myelophthisic role 
in some of these patients, but a careful stud} of the fresh splenic parench} ma b} the 
supravital staining technic provided direct evidence of increased granuloc} te and 
thrombocy te inclusions along with the red cells in the numerous R-E phagoc} res * 

The recognition of this erratic pathologic ph}siolog} of the spleen in these well 
known and clinically established primat} entities led quite logicall} to a closer 
scrutmy of the patients referred to us with the peripheral blood picture and clinical 
S}mptoms and diagnosis of h}poplastic or aplastic anemia Likewise, in certain 
general constitutional disease states involving the spleen more extensivel} than 
other organs, we ha\ e begun to note in recent }cars an instability in the functional 
balance of the spleen, which in extreme instances has resulted in an absolute lack 
of any discrimination bcn\ccn senile and mature circulating elements, with exces- 
sive phagocytosis of all essential cells passing through this organ Certain selected 
cases will illustrate the extremes in this series of splenic phenomena 

CONGENITAL SPLENIC PAN HEMATOPENIA 

Case I Betty Jane, aged 14 } ears when first seen in this clinic, was born in Texas, 
Dec 9, 191-8, full term, weight 9 pounds, the first child of physically normal par- 
ents During the first six months of extrauterine life she was breast fed, gained 
weight normally, and the mother noted no unusual sy mptoms Toward the end of 
this period, however, the infant became irritable and began to refuse her feedings, 
her sleep became broken, she ceased to gain, and a marked pallor without jaundice 
was noted Unexplained convulsive seizures, as many as six a day, developed with 
intermittent cyanosis, and transitory loss of consciousness At this time, a pediatri- 
cian in San Antonio was consulted and a diagnosis of nutritional deficiency anemia 
was made However, following four months on an optimum dietary regimen plus 
iron, the weakness was more marked and the pallor had become extreme A 
second pediatrician was consulted in Austin, from whom we have the first definite 
blood findings, dated April 30, 1931 total WBC, 4,lco, RBC, i,2.io,cco, hemoglo- 
bin, 4 5 Gm , differential white cell count, PMN L9 per cent, PME, i per cent, lym- 
phocytes, 65 per cent, monocytes, i per cent There were marked poikilocytosis, 
anisocytosis, and polychromatophilia of the red cells A third pediatrician made 
many tests over a period of two years, trying out s arious treatments without any 
results Blood transfusions were discussed but never employed An x-ray examina- 
tion of the chest showed a markedly dilated heart Betty Jane was presented before 
the Southern Medical Association in 1937 as a diagnostic enigma and therapeutic 
problem A hypoplastic anemia was assumed, though duration and other features 
were atypical At 4 years of age she had measles, at 43^, pertussis, at 6, mumps, 
and at 9, chicken pox There were occasional episodes of unexplained fever 
She had a known allergic sensitization to wheat, with resulting nasal conges- 
tion There had been distinct fluctuations in her state of well-being, vary mg with 
the degree and intensity of the anemic pallor The menses had not yet started She 
had had almost continuous difficulty with skin disorders, lesions of the toes and 
fingers, particularly, persisting for months despite the constant care of a dermatolo- 

• See footnote, page ix. 
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gist Her appetite remained extrcmel} poor, insomnia persisted, sMth bed nettini; 
regularh, and emotional instabilit) resulted in frequent cr}ing spells Despite 
these handicaps, she indulged in limited suimming, skating, and dancing, though 
dc\ eloping ds spnea quickh and requiring frequent long periods of rest She led het 
classes in school through the } cars, though climbing school stairs had been phi si 
calh exhausting 

Bctt\ Jane ss as referred to our clinic October 13, 1943 There was marked pallor of 
skin and mucous membranes, the conjunctnac and nail beds were rshitc Tempera 
turc, 99 , pulse, 105, regular, respirations, X5 per minute at rest, blood pressure 
sistolic, 110, diastolic. So mm hg There \sas no general 1 ) mphadenopath) , th\ 
roid gland, normal The head, hair distribution, C}cs, cars, nose, mouth, tongue, 
teeth, and throat rserc all normal Sccondar) female sex characteristics ■^^erc^^cll 
de\ eloped and compatible \Mth age The lungs were clear to ph}sical examination 
and fluoroscops The heart contour r\as slightl) enlarged, the point of maximum 
intcnsits being in the fourth interspace in the left anterior axillar) line, rsnth a 
hemic apical ssstolic murmur, no diastolic murmurs The spleen xvas palpable, not 
tender, 2. cm below the left costal margin, descending on deep inspiration Thclna 
was not enlarged to phtsical examination, and there were no intra-abdominal 
masses Genitalia normal, virginal, female, w’lth beginning pubic hair develop- 
ment The extremities were negative, no edema, no pctcchiac or ccchjmoses The 
neurologic examination w as ph3'siologic throughout 

The hematologic data (see fig 2.) on admission were as follows WBC, 1,600, 
RBC, 1,030,000, hemoglobin, 3 5 Gm , rcticuloc) tes, 3 per cent, platelets, ixS,ooc 
(normal 750,000), hematoent, 10, MCV, 97 c mm , MCH, 35 -y-y, MCHC, 35 per 
cent, corrected crtthrocMC sedimentation index, oi mm per min (normal), 
CT) throes tc fragilit) range, 411— 341 per cent NaCl (normal), icterus index, 7, 
xan den Bergh reaction, ph)siologic, supravital differential count of the w’hite 
cells, pohmorphonuclears, 36 per cent, cosinophiles, iS per cent, 1 ) mphocj tes, nor 
mal, small, 3S per cent, monoc) tes 8 per cent Sternal marrow aspiration supravital 
stains of grossh h)'pcrplastic fresh tissue, rcxxaled, mjcloid crythroid ratio of 
4 I , neutrophilic m) clocx tes C 67 per cent, eosinophilic m) eloq'tcs C 20 per 
cent, Ixmphocx tes 5 per cent, clasmatoc} tes 2 per cent, megakar}'oq'tes 3 per cent 
Erj throid series normoblasts 30 per cent, late erj throblastsiopcrccnt, carl) er}th 
roblasts 22. per cent, megaloblasts 28 per cent, no foreign or aqqiical cell tj'pcs 
seen Other laborator) tests basal metabolic rate plus 15 per cent, fasting blood 
glucose 95 mgm per cent, blood urea nitrogen 11 mgm per cent, phenolsulfon 
phthalein excretion 85 per cent in two hours, urinal3'sis, chemical and miCTOscopic, 
w ithin normal limits, prothrombin, initial concentration 54 per cent, subsequent!} 
95 to 102 per cent Serologx Wassermann and Kahn tests negative Electrocardio- 
gram shots ed sinus tachxcardia onlx without exidcnce of axis deviation or ven 
tricular preponderance X-rax of chest and skeleton rcx'ealed no significant pa 
thologx 

The results of the adrenalin test arc indicated on the chart (fig 2) At the height 
of the splenic contraction the total xxhitc cell count was found to have risen from 
the base line of 1,450 to 10,250, the red blood cells from 1,300,000 to 1,700,000 per 
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cu mm , the hemoglobin from 5 3 to 6 5 Gm , the platelets from 313,000 to 911,033 
per cu mm The aho^e laborator) data, when interpreted wuth the background of 
histort and ph\sical findings, sert'ed to incriminate the spleen as the major factor 
in the current st ndrome, w hile minimizing the possible ro’e pla) ed b} other cssen 
tial organs 

Splenec omj was, thereupon, advised and accepted, and on October u, 1943, a 475 
Gm spleen was successfulh removed b} Dr Verne Dodd There w as no c\ idcncc of 
perisplenitis, and there w'ere no adhesions The liver was entirel) normal in appear- 
ance, w ith thin, sharp margins, no scarring, and no c% idcnce of portal h}'pcrtcnsion 
Adrenalin was injected directl) into the splenic arterj" prior to pedicle ligation, 
with prompt Msible contraction of this organ Preoperatn eh the total w'hite cell 
count was i,ioo, pol) morphonuclear leukoc) tes 79S, immediatel) postoperatn cl) 
17,000, PAIN 7,140, at 430 pm Z3,cco, RBC from 1,000,000 to x,oio,ooo to 
i,iSo,cco, thromboc) tes from 191,900 to 1,157,000 to 1,511,000, hemi globin from 
4 3 Gm to 6 3 to 7 S Gm Studies of the fresh splenic tissue in supravitall) stained 
preparations showed normal 1) mph follicles, with increased granuloc) tes, mature 
red cells and thromboqtes, within scattered highl) phagoqtic clasrratoq tes 
There was diffuse endothelial h)’perplasia of the splenic sinuses and co sidcrablc 
intra- and extracellular pigment and debris There were 3 to 5 eosinophils in each 
oil immersion field No increase in fibrous tissue was apparent, no hem'topoiesis 

The con\ alescence was une^xntful, and the patient was discharged to her home 
on the eighteenth postoperative da) with 9,000 leukocytes, of which 3,780 w^crc 
normal mature neutrophilic granuJoq tes, 3,330,000 red cells, with 9 7 Gm hemo- 
globin and 8 2. per cent rcticuloq'tes The clinical appearance and actions of this 
patient changed as dramaticall) as the laborator) data indicate 

On December 5, 1943, Bett) Jane s mother reported I am happy to sa) she is 
looking and feeling better every da) Naturall) , even her disposition seems changed 
Shclitcrall) skips, dances, and sings most of the time Ido have a netv child, now 
Again on October 6, 1944, approximate!) one ) ear following splenectom) Bett) 
Jane is certainl) greatl) improved over a ) ear ago She has grown about 3 inches 
and gained xi pounds She looks fine and seems to feel fine For the first time in her 
life she IS tr) ing a regular course in ph) sical education in school She has absolutcl) 
no trouble with menstruation (first menstrual flow Jan 30,1944) Ever) thing pa- 
taining to it seems ver) normal You might also be interested to know that for 
months now she has had no skin disorders I am ver) happ) over her condition 
On Ala) n, 1945 I do know that Bett) Jane is a different child since she had her 
operation She feels much better and is full of fun and life Her coloring seems to 
improve all the time and now' she is acquiring a fine sun tan Her height is now 5' 
33^'" and her weight ix6 pounds We arc very happy over her condition At the 
present writing, two years postoperatn cl) , there has been no further evidence of 
waning bone marrow' cfficicnq While the red cells have remained stabilized be- 
tween three and four million for the most part and the hemoglobin between 9 and 
II Gm , the white cells and thrombocytes have persisted at high normal levels 

From the evidence, we have concluded that this individual has probably always 
cvpcricnccd cxcessnc splenic sequestration of normal circulating blood elements, 
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and that, beginning a few weeks after birth, objects e signs of the resulting cellular 
deficit appeared and, with minor fluctuations, persisted to the point of semi-inva- 
lidism until this organ was remot ed fourteen ) ears later An almost complete cellular 
and physical re-equilibration followed immediatel) and has been maintained for at 
least nvo ) ears, with a very favorable future prognosis 

ACUTE SPLENIC PANHEMATOPENIA 

In addition to the chronic relapsing syndrome just described, splenic panhemato- 
penia may occur as a relatively acute fulminant medical crisis 

Case 2 Mrs D K , aged xq ) ears, was admitted as a medical emergenc) to the 
Hematologic Serwee, Universit) Hospital, 6pm, August 14, 1944, with a history 
of vague s)-mptoms of generalized malaise and fatigability for six months, subacute 
manifestations for four weeks, climaxing in an acute fulminant crisis of seventy-two 
hours duration Increasing!) profound prostration with tach) cardia, palpitation, 
d) spnea, precordial pain, marked pallor with mild fluctuating jaundice, during the 
preceding ten da)s, and nausea and vomiting for seventy-two hours were the 
presenting complaints The past personal and family histones were entirely nega- 
tive for any significant illnesses The patient had been married onl) six months with 
no interruption of or irregularity in the menses Except for clinical icterus plus 
extreme pallor, with evidence of recent weight loss and moderate tissue deh)dra- 
tion, the only other significant positive physical finding was a large mass in the 
upper left quadrant, which moved on respiration and had a readily palpable splenic 
notch Temp 101°, pulse 110, respirations X), blood pressure 110/40 The referring 
ph) sician had reported the following laboratory data obtained at 9 a m the day of 
admission WBC, 3,750, PMN, 68 per cent, 1 ) mphocytes, 3X per cent, RBC, 1,450,- 
oco, hemoglobin, 4 6 Gm Our own initial studies at 6 p m the same da) tvere as 
follow'S WBC, 1,100, PMN, 4x0, myelocytes C xio, total RBC, 8x0,000, hemo- 
globin, X 8 Gm , reticulocytes, 69 per cent, platelets i6,oco (normal 750,000), 
M C V , 90 cu microns, M C H , 30 77, M C H C , 33 per cent, sedimentation 
index, o x mm /minute, erythroc)te fragility range, 471 — 341 (normal 41X — 
300), serology, negative Sternal marrotv aspiration revealed a grossly h)’perplastic 
tissue with microscopic panhyp-erplasia of all normal marrow elements with normo- 
blasts predominating Myeloid erythroid ratio, 1 4 Supravital differential meta- 
myelocytes neutrophilic 6 o per cent, myelocytes C 78 per cent, myelocytes B 
o 5 per cent, myelocytes A o 5 per cent, myeloblasts o 5 per cent, PMB i per cent, 
PMF. 6 per cent, lymphocytes o 5 per cent, phagocytic clasmatoc)Tes 5 per cent, 
megakaryocytes x per cent, normoblasts 86 x per cent, late erythroblasts 7 6 per 
cent, earl) erythroblasts 3 6 per cent, megaloblasts x 6 per cent, there were many 
mitotic nuclear figures, particularly in the red cell series 

Emergency splenectomy was successfully accomplished by Dr George Curtis five 
hours after admission, while intravenous glucose-saline was being administered 
The release of cells was dramatic (fig 3), the immediate pre- and postoperative 
hematologic data, uninfluenced by blood transfusion, being as follows WBC, x,ioo 
to 4,900, RBC, 1,010,000 to 1,990,000, hemoglobin, x 8 Gm to 5 6 Gm , platelets, 
i6,oco to 114,000 The spleen weighed 1,400 Gm and measured x) x 15 x 5 cm 
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Supravital studies of the fresh splenic pulp showed increased numbers of highh 
phagoc) tic clasmatoc) res, 5 to 6 per oil immersion field, c\traccllular hemosiderin, 
with both normoblasts and m}elocjtes C in moderate numbers Alnerbiopsj 
and mesenteric l}mph node were secured for histologic stud) , and both were cn 
tirel) normal in cellular and connective tissue structure 

There were no complications, and the hematologic and clinical improtcmcnts 
paralleled each other so that by the twelfth postoperative day the patient vi as dis 
charged b) automobile to her home in another cit) , WBC, 7,050, RBC, 3,030,000, 
PMN, 68 per cent, PME, 4 per cent, l)mphoc)tes, 20 per cent, monoc)tes, 7 per 




Fig 3 Summar\ of ti\c cases of primar) splenic panhcmatopenia sshich hast been followed for a jeae 
or more, illustranng the recoi en and sustained elcs anon of all of the depressed circulating blood elements 
foIIouTng splcncccoIIl^ 

cent, reticuloc) tes, 3 8 per cent, hemoglobin, 9 3 Gm , hematocrit, 29 per cent, 
platelets, 2,637,000 

While our preoperatn e historical inquiry failed to reveal an) evidence of a famil 
lal basis for this acute crisis, it became possible during the convalescence of this 
patient to question and examine the immediate blood relatnes The high reciculo- 
C)te level, the increased er)throc)te fragilit), the clinical jaundice, the size and 
gross appearance of the spleen, and the acute hemoclastic crisis, even in the 
absence of a generalized and uniform microo tosis, were all classical and t) pical of 
similar episodes, which we hare seen and described in congenital hemol)Cic ic- 
terus The father, one brother, and two sisters had essentiall) normal hemograms 
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The mother, however, had a definite microcytic anemia of 3,150,000 red cells, 10 5 
Gm of hemoglobin, 7,ico leukocjtes with 51 per cent neutrophils, 10 per cent 
eosinophils, 1 per cent basophils, 33 per cent lymphocytes, 3 per cent monocytes, 
and an increased ery'throcyte fragility range of 450 to 366 Thus, it would seem 
that the evidence for a maternal, familial inheritance of splenic instability is present 
here, and that in this patient not only was a hemolytic process precipitated spon- 
taneously, but also a concomitant profound neutropenia and thrombocytopenia, all 
three of which were promptly and dramatically corrected by surgical removal of 
the spleen 

Figure 3 summarizes the hematologic data in five patients, four females and one 
male, ranging in age from 6 to 67 years, in whom removal of the spleen was fol- 
lowed b) a prompt and sustained hemoly topoietic rc-equilibration The bone 
marrow in every instance showed marked generalized compensatory cellular 
hyperplasia of all normal cell strains, without invasive foreign cell or toxic mani- 
festations 


SPLENIC PANHEMATOPENIA, SECONDARY TO GAUCHER S DISEASE 

The spleen is secondarily involved in a great many general, constitutional, patho- 
logic stares, and we have observed for some time the tendency under such circum- 
stances for the R-E system of cells to exercise their physiologic functions erratically 
and to an exaggerated degree In one patient, Mrs C P , for example, with proven 
Hodgkin s syndrome, in whom the spleen was pnmarily and predominantly in- 
volved, both an anemia and neutropenia, requiring weekly whole blood transfu- 
sions, were relieved only following splenectomy, and a clinical remission of two 
years ensued In another recent patient, Mr F J , with known Hodgkin s disease, 
a thrombocytopenic purpura, refractory to all medical measures, developed, and 
splenectomy was elected as a last resort and was followed by a return of the platelets 
and the disappearance of all purpuric manifestations Another patient, Mr J B G , 
with characteristic thrombocytopenic purpura hemorrhagica, with an entirely 
typical megakaryocytic hypierplasia in the bone marrow, and with the spleen not 
palpable, received an immediate and complete clinical and hematologic remission 
following excision of the spleen, which when removed, however, was grossly 
enlarged and showed pathognomonic Hodgkin s lesions microscopically While 
without the usual signs and symptoms, and unsuspected preoperatively, the subse- 
quent course of events fully confirmed the histopathologic diagnosis from the 
spleen 

The most classical, clinical example in our experience, of the indiscriminate 
sequestration of all circulating cellular elements by a spleen, enlarged and en- 
gorged secondary to a generalized constitutional disease, is that of the following 
young woman with Gaucher s disease 

Case } E S , a TO year old, white, single female was admitted to the Hematologic 
Service, University Hospital, April 15, 1945, with the chief complaint of a large 
abdominal tumor * She had first noted some discomfort in the left upper quadrant 

* Referred by Dr Ro> Barnwell of Akron Ohio, 10 whom we are dccpl) indebted for the family 
histor) and for cooperauon in the study of the two sisters in this interesting family 
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two }cars prcMOUsl) Enlargement of the abdomen had been gradual and painless 
but steady She had bruised easily from earl} childhood, resulting in a graduallj 
increasing mottled pigmentation of both lower extremities There were increasing!) 
frequent episodes of cpistaxis Her menstrual periods had become established on a 
thirty da}s c) cle at age 13, with marked menorrhagia regularl} lasting seven da)s 
or longer Slowl) increasing pallor, associated with the development of exertional 
d) spnea and an accentuation of all hemorrhagic phenomena, finall) led her to seek 
medical advice from the family ph}sician 

It became evident upon questioning that her reluctance to seek medical attention 
derived from knowledge of a similar abdominal enlargement in a younger sister 
some ) ears earlier, requiring surgical management, which this patient feared The 
patient was one of three children, two girls and one boy, of maternal Swedish and 
paternal German-Swiss parentage In 1933, the sister, who is two years }ounger, 
was taken to Dr Barnucll at the age of 6 }ears for a large intra-abdominal tumor, 
which had been noted since infancy by the parents, and was associated with cpi 
sodes of vomiting and epistaxis Examination at that time revealed an enormous 
spleen filling almost the entire abdomen, with a moderate enlargement of the liver 
The superficial veins of abdomen and chest were dilated and prominent Serial 
laborator) studies during an eight day period of observation revealed a progressne 
leukopenia, 3,600 to 1,300 white cells with a normal differential, a falling red cell 
count, ^,2co,cco with 13 9 Gm hemoglobin to 3,2.40,000, hemoglobin 10 5 Gm , 
and 74, coo platelets The bleeding time was 9 mm , the coagulation time 3J ram 
Banti s disease was the tentative diagnosis, and splenectomy was advised A spleen 
10 or II times normal size was successful!) removed Convalescence was unevent- 
ful, and on discharge three weeks postoperative the white cells were ii,oco with a 
normal differential, the red cells 4,300,000, hemoglobin 14 3 Gm , and platelets 
320,000 Sections frem the spleen were subsequently submitted to a number of path- 
ologists, including Dr E L Saylor, Akron, Dr P Morse, Detroit, Dr H R Wahl, 
Kansas City, and to our group, all of whom concurred in the diagnosis of Gaucher s 
disease Four months following splenectomy, this child was severel) burned over 
the back from hair line to heels, requiring rehospitalization Recover)’' was prompt 
and complete, and the blood reacted normally throughout the recovery period In 
the intervening years, growth and development have been entirel) normal, and no 
clinical s)mptoms or obvious signs of any corstirutional disturbance have reap- 
peared The current hemogram as determined in this laboratory, at the time of the 
sister s admission, April 15, 1945, was as follows WBC, i2.,95o, RBC, 4,110,000, 
hemoglobin, 12. Gm , reticulocytes, i 4 per cent, platelets, 798,000 Supravital 
differential PMN, 3 l per cent, PMB, i per cent, PME, 6 per cent, l)mphocytes, 53 
per cent, monocytes, 8 per cent Skeletal x-ra)s showed thinmng of the cortex and 
expansion of the low'er third of the femor and also cortical thinning of the tibiae, 
sigmficant of Gaucher s disease A ster/ial marrow study revealed a h)'perplasia w ith 
moderate left shift in both crythroid and myeloid elements, with an increase in 'ery 
) oung monoc) tes and monoblasts A few scattered Gaucher cells were present 
No other member of this family has shown an) evidence of familial disease 
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On the basis of his preceding experience, a tentative clinical diagnosis of Gau- 
cher s disease was made by Dr Roy Barnwell, when the second sister consulted 
him His initial laboratory data, April x, 1945, showed WBC, 3,100, RBC, 
3,170,000, hemoglobin, 10 Gm , and again on April 10 WBC, 1,900, RBC, 3,000,- 
oco, hgb , 9 1 Gm On admission to the University Hospital, the physical ex- 
amination showed a well developed, well nourished young woman with prominent 
abdomen, in no obvious distress at rest Temperature, 98 6°, pulse, 81, respirations, 
10, blood pressure systolic, 110, diastolic, 84 mm Hg There was moderate pallor of 
skin, mucous membranes, and nail beds Glasses corrected for astigmatism and 
hypcrmetropia, but there had been recurring conjunctivitis and the sclerae were 
injected and reading was uncomfortable There were minimal medial pinguiculae 
bilaterally On the left lower and upper eyelids were small papillomatous growths 
Fundiscopic examination was negative There was no generalized Ijmphade- 
nopathy The lungs were clear to piercussion and auscultation, but the heart was 
displaced upward and to the left with an elevated left diaphragm The spleen, 
somewhat tender to deep palpation, filled practicall) the entire abdomen, the right 
edge with notch extending 3 cm to the right of the midline and downward to 
within i cm of the symphysis pubis Enlargement of the liver could not be de- 
tected Extending from the patella to below the malleoli on both legs was a diffuse 
mottled, reddish brown pigmentation, without edema Neurologic examination 
was entirely physiologic 

Admission blood studies showed only 650 total white cells, 3,130,000 red cells, 
8 Gm of hemoglobin, and 68,860 platelets (fig 4) The differential white count, as 
nearly as it could be determined, gave 46 per cent mature neutrophils, 48 per cent 
normal lymphocytes, and 6 per cent monocytes, with normochromic, normocyric 
erythrocytes Bleeding time was 6)4 min , coagulation time 6 min The Rumpel- 
Lccde test was positive Corrected erythrocyte sedimentation index was o i mm 
per min Erythrocyte fragility range was o 450 to o i8o Sternal marrow aspiration 
yielded a grossly hyperplastic tissue with normoblasts predominating, and the 
following supravital differential cell count Myeloid erythroid ratio, i 4 l, neu- 
trophilic myelocytes C , 80 per cent, myelocytes 6,05 per cent, PME, 6 5 per 
cent, PMB, o 5 per cent, Gaucher s cells, i o per cent, megakaryocytes, 3 o per cent, 
phagocytic clasmatocytes, 8 o per cent, plasma cells, o 5 per cent Erythroid ele- 
ments normoblasts, 96 per cent, erythroblasts, 2. 7 per cent, megaloblasts, i 3 per 
cent Single, scattered, but rare Gaucher s cells served to establish the diagnosis, 
though no focal accumulations could be found There was no significant left shift 
or diminution in the myeloid elements, though there was a moderate relative in- 
crease in eosinophils There was some focal increase in highly phagocy tic clasmato- 
c) tes, none of which, however, contained abnormal fat vacuolization of Gaucher 
fibrils, and there was no increase or qualitative change in the monocytes Only a 
rare plasma cell was observed, with qualitatively normal though slightl) dimin- 
ished megakaryocytes Mitoses were rare in all cell strains Other laboratory find- 
ings included normal urinalysis, an NPN of 7 mg per cent, fasting blood glucose 
95 mg per cent, and negative serology An adrenalin test gave transitory, signifi- 
cant increases in all of the circulating blood elements, as recorded in figure 4, 
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coincident with an appreciable shrinking of the spleen X-ra) examination of the 
long bones showed cortical thinning of the distal ends of both femurs and of the 
proximal ends of both tibiae suggestive of Gaucher s disease 

No contraindications having been discovered, and the particularly profound leu- 
kopenia persisting, splenectomy was urgently advised, and on April 19 a 5,100 Gm 
spleen, measuring 41 X lo X 8 5 cm , was removed by Dr Verne Dodd without 
incident or surgical difficulty The fresh organ was soft, pinkish red in color, and 
on cut surface many small pinpoint whitish areas were noted On supravital exami- 
nation of scrapings of the freshly cut surface, great syncj tial-like sheets of large 
Gaucher cells were seen replacing much of the parenchyma The cells were non- 
motile, varied from 30 to 50 micra in diameter, with a single eccentric nucleus, and 
I to L nucleoli, occasional cells contained as many as 4 nuclei The cell membrane 
was delicate and easily ruptured The cytoplasm was packed with Gaucher fibrils 
which were from 8 to 10 micra long, with fusiform tapered ends They were seen as 
slightly to markedly curved bodies, grouped and arranged in strata-like formation 
around the nucleus No mitochondria were seen There was very little free cyto- 
plasmic substance, owing to the compactness of the fibrils The nuclei were 5 to 7 
micra in diameter, and the chromatin was blotchy as described by Erf, with 
nucleoli occasional!) noted The nuclear membrane was well defined None of the 
spheroid cytoplasmic granules described by Erf were noted Films of the splenic 
scrapings, made by diluting with human serum and stained with Wright s Giemsa 
stain, confirmed the delicate character of the easily ruptured cell membrane and the 
thick blotchiness of the nuclear chromatin The cytoplasm in these fixed prepara- 
tions appeared to be composed of fine, light-blue-staimng, reticular strands, with 
none of the fibrillar outlines discernible 

Liver biopsy confirmed the normal gross appearance of this organ, and no lymph 
nodes could be found in the mesentery for histologic study 

On chemical analysis the spleen was found to contain 10 3 per cent lipids Fur- 
ther lipid fractionation and biologic studies are being carried our and will be 
reported later * 

The postoperative course was uneventful, with prompt re-cstablishment of a 
normal, peripheral hematologic picture (fig 4) The patient was discharged on the 
ninth postoperative day and was seen again one month later Both clinically and 
hcmatologicall) she has resumed a completely normal re-cquilibration, with no 
complaints and an entirely changed psychology 

A survey of the literature, while recording the more or less striking influence of 
the splenomegal) on the circulating blood cells in Gaucher s disease, as proved by 
the hematopoietic re-equihbration which follows splenectomy , has failed to show 
an instance of so extreme a leukopenia with associated anemia and thrombocyto- 
penia as the one cited here It is a matter of degree only , however, and the inclusion 
of this case serves only to illustrate the general thesis relating to splenic dysfunction 
under pathologic conditions Jaffe^'* has reviewed in great detail the pathogenesis of 
Gaucher s disease The younger the Gaucher cell the less distinct is the fibrillation 
of the cytoplasm, and it is between these fibrils that the specific storage of kerasin 

* Wc arc indebted to Dr George Scheff for these analjscs 
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and cercbron,*® hjdrophobic lipids, takes place, giving these cells their coarsely 
vacuolated appearance It is possible that the great predominance of fibrils and the 
relative paucity of vacuolization of the Gaucher cells in our two patients reflect a 
generation of older, more mature cells and may correlate with the striking clinical 
chronicit) and tissue localization of the pathognomomc cellular hyperplasia The 
distinctive characteristics of these cells, as we have seen them in the supravital 
techmc, ha\ e been adequately discussed and effectively illustrated by Erf ’’ 

Differential diagnosis is at times difficult Pent and Schleicher'' cite an instance 
in which sternal marrow aspiration established the diagnosis of Gaucher s disease 
in an unc\plaincd atyqiical anemia in a Jewish male 79 y cars of age, and Reisraan 
and Utz'' emphasize their failure to find Gaucher cells in the marrow of a 10 year 
old Jewish refugee girl, in whom subsequently splenic puncture was performed with 
confirmation of the diagnosis 

Wilcnsky '' has reviewed the indications for splenectomy with particular empha 
SIS upon the otherwise uncontrollable hemorrhagic manifestations Mandcibaura 
and Berger'® report the removal of a 6,812. gram spleen for thrombocy topcnia and 
hemoly tic anemia, secondary^ to Gaucher s disease, with lipid analyses by Sobcl 
and Kay'c Dameshek®' reports a case of Gaucher s disease and marked pancy to 
pcnia in which splenectomy was performed because of a well defined hemorrhagic 
tendency and because the spleen was so large that it interfered with the child s 
locomotion Following splenectomy, there was a dramatic response in all the 
blood elements, which has been sustained for seven years Naegcli"* attributed the 
changes in the circulating blood cell equilibrium to a hypcrfunction of the spleen, 
and not to an infiltration of the hematopoietic organs by the Gaucher cells 
Dameshek concurs with these observations 

DISCUSSION 

Our studies fully confirm Nacgcli s interpretation of splemc pathologic phy'siol 
ogy, but wc would not limit it to Gaucher s disease The additional advantage of 
obsenong and analy^zing fresh, surgically removed, splenic tissue in the supravital 
technic, which identifies both the phagocytic ceUs and their engulfed content, 
strongly incriminates the splenic macrophages in all of the co-callcd hypcrsplenic 
syndromes Platelets, as well as leukocytes and cry^throcy^tes, can be readily rccog 
nized when present within the living splenic phagocytes, and the proportion of 
each, thus discovered sequestered and being destroyed in any spleen, is gcnaally a 
good reciprocal index of the cellular units probably available in the circulation, 
when the bone marrow is not depressed The number of phagocytic cells m an cn 
larged spleen, weighing 2. to 6 kilograms and frequently showing 10 to 12. macro- 
phages per oil immersion field of the microscope, assumes astronomical figures, and 
the destructive capacity is correspondingly enormous The immediacy and magni 
tude of the increase in circulating elements following splenectomy is a measure 0 
the tremendous bone marrow potential, revealed only by the elimination of an 
abnormal splenic influence 

The differential diagnoses, which must be considered objectively and judicial > 



CHARLES A DOAN AND CLAUDE-STARR WRIGHT 


2-5 


by the clinician in the syndrome we arc here discussing, arc threefold (i) a hypo- 
plastic bone marrow, cither primar)’', idiopathic, or secondary to some noxious 
agcnt,-^ (l) splenic panhematopcnia secondary to some constitutional pathologic 
process which involves the spleen predominantly and disturbs its finely adjusted 
phjsiologic functional balance, and Cs) primary splenic panhematopcnia on a 
congenital or familial basis Complete data from the adrenalin test* and careful 
sternal marrow aspiration analjscs should provide the information upon which to 
base an opinion and advise therapy Elective splenectomy in the first two mechan- 
isms may, and frequently docs, result in a more or less temporary and abortive but 
definite remission of those signs and symptoms dependent upon the disturbed cellu- 
lar balance, and it ma) or may not influence materially the fundamental underlying 
disease, but in the last named syndrome, where the spleen apparently is primarily 
at fault, a prompt, complete, and permanent rc-equilibration, hematologic and 
clinical, maj be anticipated and predicted with some assurance 

SUMMARY 

I The Spleen is an organ of multiple structures and many functions, but in the 
interests of human health and disease, it is probably far more important pathologi- 
cally than ph)siologicall> 

2. It has been abundantly proved that instability in splenic functional balance 
toward any one of the essential elements of the blood passing through this organ 
may be an inherited trait, as in congenital hemolytic icterus Recognition is now 
made of a syndrome in which, despite intensive compensatory panmyeloid hyper- 
plasia, indiscriminate elimination of all circulating elements occurs, actually 
simulating panmyeloid hypoplasia Splenectomy in such a syndrome is often dra- 
matically curative Primary splenic panhematopcnia is suggested as an appropri- 
ate descriptive designation 

3 The potentially important role which may be played by the spleen, sec- 
ondarily involved in a wide variety of syndromes, with the precipitation of varying 
degrees of peripheral cellular disequilibria, demands careful diagnostic discrimina- 
tion A dependable experience in the specific technics by which bone marrow and 
splenic functions are appraised is essential to sound judgment and clinical acumen 

q The normal spleen is apparently not essential to life and health at anj age and, 
therefore, may be surgically removed without prejudice to future hemolj topoictic 
equilibria and longevity The pathologic spleen may at times constitute a very real 
hazard to health and an actual threat to survival, in the more acute syndromes, 
prompt surgical intervention may be lifesaving 

* Tcchmc of the adrenalin test During a fifteen to thirt) minute base line penod, under basal metabolic 
condiuons, the pulse blood pressure and two preliminarj complete peripheral blood studies are obtained 
and the splenic outline is traced Depending upon the age and \ ascular integrity of the paaent o 5 to i cc 
of I I 000 adrenalin chlonde IS injected subcutaneousl) Blood studies are repeated at ten minute intervals 
until the pulse and blood pressure reach their maximum stimulation, which usually coinades with the 
greatest contraction of the spleen The peripheral blood studies are then continued at fifteen minute 
intenals unul the spleen has relaxed and the biphasic depression of the curve has been obtained 
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THE MEGAKARYOCYTES IN IDIOPATHIC THROMBOCYTOPENIC 
PURPURA, A FORM OF HYPERSPLENISM 

Bj William Dameshek, M D , and Captain Edward B Miller, A U S 

I N his book Opera omnia, published in 1775, Paul Gottlieb WerlhoB devoted a 
chapter to “Morbus maculosus hacmorrhagicus, which he had first described 
forty years previously He wrote 

An adult girl, robust without manifest cause, was attacked recenth, towards the period of her 
menses, with a sudden sescre hemorrhage from the nose, with bnght but foul blood escaping together 
with a blood) \omiting of a \er) thick extrcmcl) black blood Immediate!) there appeared about the 
neck and on the arms, spots parti) black parti) violaceous or purple, such as arc often seen in malignant 
smallpox , morcos cr the number of the spots increasing and surrounding complctcl) both of the c) cs, 
the back of the nose and the skin around the mouth and chin with a lisid black color like marked 
from bruises 

Since the bleeding began simultaneously with the menses and since there was 
spontaneous recovery^ it is indeed probable, as most authorities have agreed since, 
that this was an example of idiopathic thrombocytopenic purpura The reasons 
for the development of sudden, generalized bleeding from all the mucous mem- 
branes and into the skin are almost as obscure today as they were in Werlhof s 
time In the present paper, an attempt is made to develop a concept of pathogenesis 
centering about the failure of platelet growth from the megakaryocytes in the 
bone marrow, and dependent upon an abnormal inhibitory factor in a distant organ, 
namely, the spleen 

The great diminution in platelets in Werlhof s disease was first recognized by 
Krauss- in 1883 and by Denys^ in 1887 Hayem^ later confirmed and amplified 
these isolated observations The relationship of the platelets to the giant cells of 
the bone marrow — the megakaryocytes — became known with the work of J H 
Wright^ in 1906 and 1910 In 1915, Frank® made accurate studies of essential 
thrombopenia and postulated a marked diminution in platelet production by the 
megakaryocytes * In the following year, Kaznelson’ suggested splenectomy as a 
therapeutic maneuver in a chronic relapsing case of the disease He assumed, by 
analogy with hemolytic anemia, that the spleen might have an unusual thrombo- 
lytic function The results of the first operation were brilliant, but in the next two 
cases® only temporary increases in platelets occurred Since that time the favorable 
effect of splenectomy in idiopathic thrombocytopenic purpura has been amply 
confirmed The quick recovery following splenectomy of many desperately ill 
patients bleeding spontaneously from all the orifices is one of the most dramatic 
events in medicine, and must immediately implicate the spleen as of prime patho- 
genetic importance in the disease In confirmation of this, the injection of splenic 

From the Blood Laboratory of the Boston Dispensary and the J H Pratt Diagnostic Hospital, 
aided b) grants from the Charlton Fund, Tufts College Medical School, and the Upjohn Compans 
* Frank is incorrcccl) quoted b) most observers as having suggested a splenic effect on megakaiy oc) te 
platelet growth 
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extracts from patients with the disease has, in the hands of several in\ csti gators, 
resulted in the development of thromboc) topenia in the c\-pcrimcntal animal 
Whether the diminution in platelets is due to increased thrombol)Sis b} an 
abnormallj active spleen or to diminished platelet production b) the megakar}0- 
cytes has remained a question to the present time Although Frank s studies'-'* of 
the bone marrow demonstrated a definite disorder of platelet production b} the 
megakar) ocytes, the significance of his observations has not been full} appreciated 
and most observers simpl} conclude that the spleen dcstro) s platelets exccssivel) 
The present paper deals with a stud\ of the megakan oc) tes in bone marrow 
biopsies from t}q)ical cases of the disease, and from s} mptomatic cases in asso- 
ciation with splenomegaly, together with their comparison with normal controls 
Serial studies of the bone marrow before md after splencctom) has e demonstrated 
the remarkable effects on platelet production which occur shortl} after operation 
Our findings are in accord with Frank s concepts that the fundamental defect 
leading to thromboc) topenia is a d}sfunction of the megakar} oc) tes of the 
marrow In turn, this appears to be due to a form of abnormal splenic activit}, 
1 e , one of the t}'pcs of h}q)ersplenism, and the disease may thus be considered 
fundamentally as a disorder of the spleen, vsath the bone marrow and the blood 
being secondaril} involved 


MATERIAL 


The material studied included the following 

I Ten normal cases, all with hemoglobin values above ii 4 Gm per 100 cc and 
red cell counts above 4 o M per cu mm The platelet levels (Dameshek method) 
were within normal range of 4co,cxx3 to 900,01x3 per cu mm 

z Eleven cases of idiopathic thrombocytopenic purpura Of these, 5ucrcacutc 
cases in which splenectomy was performed The usual criteria for the diagnosis of 
this condition were present namel}, spontaneous bleeding into the skin and from 
mucous membranes, low platelet count, prolonged bleeding time, normal coagu 
lation time, poor retraction of clot, positive tourniquet test, absence of anemia 
other than that eirplainable on the degree of blood loss, and no evidence at bone 
marrow biops} of leukemia or other fundamental hematopoietic disease Bone 
marrow punctures were performed prior to splencctom} , and at var} ing intervals 
after splencctom} In 6 chronic cases, single bone marrow punctures were 
performed 

3 Five cases of thrombocytopenia associated with well defined splcnomegal} of 
nonleukcmic and non-ncoplastic origin ( s} mptomatic h}'pcrsplenic throin 
bopcnia ), as follows Gaucher s disease, unknown origin, probabl} infectious, 
juvenile hepatic cirrhosis, probable splenic v ein thrombosis, and Felt} s s} ndrome 

4 A miscellaneous group of hematologic conditions, in which s}stcmatic 
counts of the megakar} oc}’tes were not made but in which a general impression 
regarding the number and condition of the megakar} oc} tes in the bone marroiv 
was not^ This group included about 50 cases of idiopathic thromboc} topenK 
purpura, a similar number with thrombocytopenia which was s} mptomatic ot 
an undcrl}ung splenic condition, about 300 cases of leukemia of various t>'pts, an 
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several hundred cases of various types of anemia, polycythemia, and ocher blood 
dyscrasias 


METHODS 

Peripheral Platelet Counts — The indirect (wet smear) technic of Dameshek;,'^ 
using an isotonic aqueous solution of sodium citrate containing brilliant cresyl 
blue, was used The normal platelet count by this method ranges from /)co,cco to 
900,000 per cu mm , with an average normal count of about 600,000 per cu mm 
Sternal Puncture — This was performed by the introduction of a simple sternal 
puncture needle through the anterior lamella and into the marrow space, at a 
point on the sternum between the third and fourth intercostal spaces After with- 
drawal of the stilet, a very small amount of marrow fluid, usually o 3 cc or less, 
was withdrawn by aspiration with a dry 5 or 10 cc syringe Drops of aspirated 
material were immediately placed, without the further use of anticoagulant or 
other material, on carefully cleaned new glass slides and gently spread with 
minimum pressure by means of another slide The preparations were allowed to 
dry in air and stained first with Wright s stain, then with Giemsa stain, following 
which coverslips mounted in balsam were affixed 
Megakaryocyte Counts — A rectangle lo x 15 mm was cut out of paper and placed 
over the slide to be studied The megakaryocytes in this area, containing approxi- 
mately 10,000 oil immersion fields, were counted and expressed in terms of a 
million nucleated cells At least one-half million nucleated cells were counted, 
the count being facilitated by first accurately enumerating the nucleated cells in 10 
oil immersion fields 

Differential Counts of the Megakaryocytes — ^Thc identification of megakaryocytes 
can be either very easy or quite difficult The typical huge adult forms are readily 
defined, but recognition of their precursors requires much patience and study 
In studying the megakaryocytes the work and nomenclature of various Italian 
investigators, notably Di Guglielmo,'* Morone,*® and Torrioli and Scalfi,'"’ have 
been followed with slight modifications 

The predominant mode of origin of the megakaryocyte is probably from a stem 
cell or megakaryoblast, which in turn probably originates from the pluripotential 
histiocyte or hemohistiob last (table i) A subsidiary method of origin, aboutwhich 
much controversy has taken place, is that from the polykaryocyte or osteoclast 
Although this cell was for many years sharply differentiated from the megakaryo- 
cyte, Its close relationship to the latter was demonstrated by several Italian in- 
vestigators Di Guglielmo** concluded that the polykaryocyte was derived from 
the fusion of primitive mononuclear histioid cells, with the resultant development 
of large multinucleated giant cells, which in turn became megakaryocytes Di 
Guglielmo s observations were confirmed by Bianchini,®' Cesa-Bianchi,^“ Mo- 
rone,'® Fontana,'’* and Gandolfo,®' and in this country by Rosenthal Morone'® 
sharply differentiated the polykaryocytes from osteoclasts, but in this he was 
disputed by Lambin and Tamers On the other hand, the origin of megakaryo- 
cytes from prepolykaryocytes was rejected by Lapidari®’ and by Wujts ** 

Other more uncommon methods of megakaryocytic development have been cited 



30 


^rEGAKAR■i OCTTES IJ>. THROMBOCTTOPEjac PURPURA 


b} anous im csngators Thus Bloom-® described them as originating from no- 
phagoc\ tic fixed tissue cells lining the sinusoids of the Ii\ cr Do\^ net , Palmer, ad 
Powell, b} srudi lag a case of arvpicaJ m\ elosis, traced the origin of mcgakaoiv 
C) tes from reticulum and m) cloblasts Later, Dow net and Nordland,” in studvinc 
a similar case, found transitions from mteloblasts to platelet-producing mcea 
kan oblasts in the peripheral blood, and transitions from hemoa toblasts to 
megakar\ oc\ res m the spleen No formation of megakar) oblasts from the spleni, 
reticulum was apparent 


Table i — S hn j cf yre Ferrr^tton 



MegaTar) oc\ te formanon has at least tw o methods of dens anon fA) the nsnal, bv wn oU 
megahars oblast and (B) the relanrels uncommon from a prepoh Lar\ ocvtc Both of these st n 
cells appear to be dens cd from the plunpotennal hrsnocs te or heraohrsnoblast of Ferrate Plaid" 
production occurs from the relanvels mature tapes of megahara oertes and to some extent fKi-" 
the promegakara oca tes 

The following megakar) oc> tes have been distinguished (see colored plate ad 
photomicrographs) 

Aitgakai^oblast These are cells about twice the size of m^ cloblasts with a blu 
nongranular c) topi asm and a large somewhat irregular single nucleus, which at 
times IS kidnc) shaped, with numerous nucleoli Thc»c cells do not produce grac 
ular or nongranular platelets cither normall) or in cases of idiopathic throffi 
boc) topcnic purpura In normal preparations thet comprise less than i per rcr' 
of all the megakar) oc) tes 

Prom'gakaoo'-jre Usualh about the same size as the megakart oblast, althouc 
occasional!) much larger, with scant dark blue ectoplasm and a dense nonlo - 
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lated or parti} lobulatcd nucleus with hca\} chromatin This form frcqucntl} 
has platelct-like bodies at the periphcr} of its c} toplasm and rarel) nongranular 
C}toplasmic processes When both these details are present, the cell is designated 
as one with granular platelet production Cells with nongranular processes were 





Figs 1—6 Normal Marrow 

Figs i Sternal bone marrow puncture smear (X 75} Note islands of cells with numerous fat cells 
islands of marrow cells and four raegaLar) 00 tes marked b\ arrows 
L Sternal puncture smear (X 750} Mature megakar) oc> te Note the coarse granularin of the 
C) toplasm with well dehned platelet dc\elopment at the edges particular!) in certam of the 
pscudopods 

3 4 Mature megakar)oc)tes (X 1000) 

5 Sternal puncture smear (X 1000) Pols kanocite, a multinucleated giant cell an occasional fore 

runner of the mature megakar)Ocste 

6 Sternal puncture smear (X 500) Pohkarvoc)te with coarse granularit) and platelet producuou 

absent or rare in normal cases but were frequent in the cases of purpura Normall) , 
promegakar} oc} res make up about one third of the total number of megakaryo- 
cytes 

L},?iphotd megakaryocyte A large cell with basophilic cy toplasm, usually w ithout 
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granules, and a nucleus which is relanvel} small id comparison with chc cntit 
cell and usuall) disnnctl) Jobulated 

Intermediate forms These cells arc intermediate in size or intermediate in main 
ration between the relatively small promegakan oc} te and the huge adult forms 
The C) toplasm is verj heavily granulated Platelet formation maj or maj not bt 
present 

Adult megahsr^ocyte A cell of variable size, but usually ter} large, containing 3 
single large multilobed nucleus with increasing densit) as it matures The c\ to- 
plasm t anes in color from blue to pink and contains a variable number of char 
acteristic azurophilic granules grouped at first in the perinuclear zone T}piC3l 
platelets which are almost always granular are frequentl) found in pscudopoJ 
like structures grouped in masses about the peripher) of the cell 

Prepol^karyocyte A mononuclear cell which tends to occur in clusters There is an 
abundant vacuolated blue cytoplasm without granules and a clear reticulated 
eccentric round nucleus with one or more nucleoli The cells are seen normall} and 
do not appear to be increased in purpura 

Polykaryocytes These are probably fused s}nc} tia of the above — that is, a large 
number of individual nuclei lie within one C}toplasmic bod} These cells arc 
probabl} identical with the osteoclasts 

Adult megakaryocyte This cell is probabl} formed by nuclear fusion from the 
polykar}’ocyte 

Degenerated forms In these cells the c} toplasm is either homogeneous and 
hyaline in appearance, or there is marked vacuolization of the C) toplasm, or the 
nucleus is hyperlobulated and its C) toplasm nongranular 

It must be recognized that the relationships of the various t}’pes of cells to each 
other ma} be more artificial than real, since thc} are based on a stud} of what 
appear to be transition forms Because of this uncertaint} , thc megakat} oblasts and 
promegakaryoc} tes ma} be designated as }oung forms, and thc l}'mphoid 
megakar} ocytes, intermediate forms, and adult t}-pcs as “adult forms, nnh a 
separate designation for thc degenerated cells 

OBSERVATIONS 

A Normal Cases (table r) — In 10 normal patients with normal hematologic 
findings, stud} of thc mcgakaryoc}Tcs revealed thc following features 

I Not more than ^oo megakar} oc} res per million nucleated cells tvcrc present 

7. About two thirds of thc megakar} oc} tes contained platelets or platelet Ihc 
bodies at thc peripheries of their cy toplasms 

3 Megakar} oblasts were rare 

4 Promegakar} ocytes, usuall} producing granular platelets, ^^crc plentitu 
Nongranular platelet production was rare Approximate!} one half of thc platelet 
producing megakar} ocy tes were young forms 

5 Degenerated forms t aried from 3 to aa. per cent of all cells 

B Acute Idtofathic Thrombocytopentc Purpura (table 3) — Difierential counts 0 
thc megakar} oc} tes were made in 5 cases of acute idiopathic thromboc} topeojC 
purpura before splcncctom} In 4 of these, one or more marrow studies wae roJ 
after splcncctom} Thc findings before splcncctom} were as follows 
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Table i — Normal Controls — Dijfmntial AU^akarjinjrt Counts 
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Key to Abbrevtadovs in Tables 


M 

= Millions 

Eos 

= Eosinophilic 

RBC 

«= Red blood cell count 

Vacuol 

= Vacuolated 

Platelets 

= Blood platelet count thousands per 

H)al 

= Hsaline 


cu rnin 

Nuc 

= Nucleated 

Pits 

= Platelets 

Blasts 

= Mcgakary oblasts 

Gran 

= Granular or granularity 

Promcgas 

= Promcgakary ocytcs 

Nongran 

-e Nongranular 

Intermed 

= Intermediate forms 

Megas 

= Megakar) oc) res 




Table 3 — Aoutt IJtopatbtc Thrombocytopenic Purpura — Differential Me^akaiyo'yte Counts 
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Figs 7-14 Idiopathic Thromcocytopenic Pdrpura 
Fios 7 Sternal puncrurc smear (X 65) Large numbers of mc^akarjoc} res about 15 jd one lov povrcf 
held and about 5 to S times the normal number 

S Sternal trephine biops\ Acetjoo (X 350) Increase in megaUarv 00 tes Avhich shew diminwhctl 
granulann of o toplasm and lack of platelet production 
5 Sternal trephine biopsA section (X 500) Mature megakanootes with conspiO-OL*; lack of 
granulann and complete abvncc of platelet producacn 
10 Sternal puncture smear (X 1500} Mature megakan 00 tc Well defined granulann of c\ topla n 
rare platelet bodies no definite platelet formation 
It Stctnal puncture smear (X iQCOy Mature incgakar\ oc\ tc Well defined granulann no plat H 
formation sharp o roplasmic edges somewhacpiknoncnucleus 
Sternal puncture <;mcar (X iccoy Adult mcgakanocMe Granulann of cvtoplasm begiroine 
degcDcratioa at one end of cell Xo platelet production Bcgiiiningp\knosisofnacltus 

13 Sternal puncture smear (X looo) Promegakarvoo tc with formation of large bixarrc plat*! i 

14 Sternal puncture smear ([y 1500^ \dultmcgakar%oc\tc no platelet formation marked decJCtra 

non of o toplasm 
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I The number of megakaryoc) res per million nucleated blood cells was on the 
average about three times greater than in the normal 



Flos 15—19 Idiopathic Thrombocytopenic PoRPORA, PosTSPLENzcTOMY 
Figs 15,16 Twent) four hours after splenectomy Sternal puncture smear (X 1500) Mature megakaryo- 
cyte Well defined beginning platelet production at edges of cell 

17 Twenty-four hours after splenectomy Sternal puncture smear (X 1500) Mature partially de- 

generated megakaryocyte with actue platelet formation at one edge 

1 8 Twenty four hours after splenectomy Sternal puncture smear (X 750) Promegakary ocy te (right) 

with actue granular platelet formation and intermediate form (left) with beginning platelet 
formation 

19 Forty -eight hours after splenectomy Sternal puncture smear (X icco) Intense platelet produc- 

tion with the production of masses of new platelets 

L Only 14 4 per cent of the megakaryocytes showed obvious platelet production, 
as contrasted with the normal cases m which approximate!} two thirds produced 
platelets 

3 Megakaryoblasts were definitely increased, but the proportion of promega- 
karyocytes was decreased 

4 Adult megakaryocytes produced fewer platelets than in normal or chronic 
cases Most of the platelet production appeared to dense from promegakaryocy'tes 


36 


MEGAKAR'i OCYTES IN THROMBOCYTOPENIC PURPURA 


and Mas often abnormal m tj-pc, with the production of large nongranulated 
platelets 

5 Degenerated and mitotic forms were not increased 

In the 4 cases which were studied both before and after splenectomy, the mega- 
kar} oc) tes per million nucleated red cells remained at about the original level or 
became somewhat increased However, following operation, platelet production 
became sharpl} increased, from the average of i6 per cent before splenectomy to 
73 per cent The huge masses of platelets proceeding from previously unproductive 
megakaryocytes, and which often occupied large parts of the microscopic field, 
offered a striking contrast to the findings before splenectomy^ 

C Chronic Idiopathic Thrombocytopenic Purpura — In 6 cases of thrombocy topenic 
purpura of mild to moderate severity and often present for many yxars, the fol- 
lowing were noted 

I The number of megakaryocy'tes per million nucleated blood cells ranged 
from 450 to 1565 — far above the normal average of 183 

z A third or less of the megakary ocytes showed evidence of platelet production 

3 Megakary oblasts were increased 

4 Promegakary^ocytes were much less plentiful than in the normal, but non- 
granular platelet production was frequently seen 

5 There was ■very little platelet producaon from adult megakaryocytes 

6 Degenerated forms were slightly increased over normal 

D Symptomatic Hyperspltnic Thrombopemc Purpura (table 5) — The megakaryo- 
cy tes were studied in 5 cases in which persistent thrombocy topenia and leukopenia 
were associated with well defined splenomegaly The cases were as follows (i) 
Gaucher s disease, (z) unknown origin, probably infectious, (3) juvenile hepatic 
cirrhosis, (4) probable splenic vein thrombosis, (5) Felty^ s syndrome (rheumatoid 
arthritis with leukopenia) It was believed that these cases might be considered 
examples of a form of simple hypersplenism, 1 e , an increase in the normal 
splenic function 

The findings w^ere as follows 

I An increase in megakaryocytes, in about the same proportion as that seen 
in tne acute essential cases 

z A normal proportion of platelet-producing cells 

3 No increase in megakary'oblasts or decrease in promegakaryocy tes 

4 Normal production of platelets from adult megakaryocy tes 

5 No increase in degenerated forms 

E Miscellaneous Cases — A general impression of the number and type of me- 
gakary ocyaes in the sternal marrow as obtained both by' the puncture and trephine 
methods has been recorded in most of the hematologic cases studied in our lab- 
oratory since 19Z8 Except in poorly spread preparations, containing thick clumps 
of marrow tissue, and in which megakaryocytes might be numerous, the average 
number of megakaryocytes per low power microscopic field w'as just over i, the 
range being from o to 5 Platelet formation at the edges of the megakaryocytes was 
visible in at least one half of the cells observed 

Anemias In the deficiency syndromes, notably pernicious anemia, megakary'O- 
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cjtes were usuall) dimimshed, at times markedly so In anemia due to actual 
disease or in%olvement of the bone marrow, including aplasia, leukemia, lympho- 
sarcoma, etc , the megakar} ocytes were conspicuously reduced This was particu- 
lar!} true in acute leukemia, in which the almost total lack of megakaryocytes 
contrasted sharply with the presence of extreme cellular h}perplasia At times 


Table 4 — Chrome Idtopathtc Thrombo'^ioptmc Purpura — Dijjirtnttal Mi^akarjocjtc Counts 
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Table 5 — Symptomatic Hypersphme Thrombocytoftmc Purpura — Differential Megakaryocyte Counts 
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this finding was of considerable diagnostic value, particularly in the differential 
diagnosis of thrombocytopenic purpura In anemia due to increased blood loss, 
whether by hemorrhage or increased hemolysis, the megakaryocytes were usuall} 
conspicuously increased in number, with abundant platelet formation being 
visible from their cytoplasms 

'Polycythemia In polycythemia vera, one of the most outstanding features of the 
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bone marrow was the great megakar} oc}T:ic h}'perplasia, which in certain cases 
seemed to dominate the entire marrow picture In secondarj pol} cj themia, the 
megakaryocjYes appeared to be normal in number 

Leukemias The striking diminution and even complete lack of the megakar} o- 
cy te in acute leukemia has alread} been mentioned In chronic m) elogenous leu- 
kemia, these giant cells were often greatl} increased, particularly in the earlier 
stages of the disease In chrome 1 } mphatic leukemia, there was a gradual reduction 
in the number of these cells as the marrow became progressive!} infiltrated with 
1} mphocy tes 

Hemorrhagic diseases No particular changes, either quantitative or qualitative 
in type, were observed in hemophilia, vascular types of purpura, or in other less 
well defined hemorrhagic conditions 

DISCUSSION 

A Origin of the Blood Platelets — Idiopathic or essential thrombocytopemc 
purpura is primarily a disorder in which the blood platelets are conspicuously 
reduced, as a result of which blood escapes from capillaries with ensuing purpura 
and other hemorrhagic manifestations Knowledge regarding the origin of the 
blood platelets is comparatively recent, dating from the writings of James Homer 
Wright' in 1906 and 1910 Howell” had previousl} (in 1890) named the giant 
cells of the bone marrow megakar^'oeytes to distinguish them from the multi- 
nucleated giant cells apparencl} related more closcl} to the bone and which were 
called polykar} ocytes or osteoclasts In 1906, Wright'" for the first time described 
the origin of the blood platelets from the megakaryoc} tes of the bone marrow By 
the use of his special eosm-meth} lenc blue stain (now called Wright s stain) 
he could clearl} recognize the platelets in stained fixed tissue and differentiate 
them from other histologic elements In 1910, he'^ described his studies of the 
bone marrow of the cat, mouse, rabbit, guinea pig, white mouse, opossum, and 
man with particular reference to the megakar} oc} tes and the platelets He found 
that the giant cells of the marrow often contained granules which were most 
numerous in the pseudopodial processes of cytoplasm projecting into the sinusoids 
of the marrow In some megakar}'OC} tes or their pseudopods, one or more small 
groups of granules were separated b} a_,zone of h} aline cytoplasm from the rest 
of the cell These masses of granules with their intervening cytoplasm had the 
identical staining reactions of platelets He furthermore found that bodies identical 
in appearance with blood platelets were often found near pseudopods and that 
detached pscudopods were at times seen in blood channels He therefore concluded 
that megakar} oc} tes produced platelets by duect budding from pseudopods which 
had entered the cuculation of the marrow Bunting” in 1909 confirmed Wright s 
findings in the rabbit and furthermore showed that an increase in megakar} oc} tes 
induced by bleeding and the use of turpentine and saponin was associated with an 
increase in platelets He also found that both the granules of the megakar} ocy tes 
and the platelets give identical staining reactions with the supravital d} es brilliant 
cres}l blue and neutral red Smith, Robinson, and T}son’^ showed that the oxidase 
reactions of the granules of both the megakar} oc} tes and platelets were negative 
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Further evidence substantiating the origin of platelets from megakaryocytes 
has been gained from experimental studies in which the number of megakaryocytes 
and the fragments issuing from their pseudopods was correlated with the number 
of blood platelets as modified by repeated bleeding (Bunting”), the action of 
benzol (Wciskotten, Wjatt, and Gibbs”), the use of antiplatelet serum (Bedson 
and Johnston”), the use of saponin (Firkct and Campos”), and bj blocking 
of the reticulo-endothelial s}stem (Volterra”) In)ection of colloidal materials, 
notably india ink, in mice was followed by thrombocytosis, the appearance of 
megakarj oc} tes in the peripheral blood, and a simultaneous increase m their 
number in the spleen and bone marrow This so-called blocking of the reticulo- 
endothelial system in inducing thrombocytosis may be unimportant as compared 
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with the actual effects of the colloidal particles on the platelets themselves One 
of us^” showed in unpublished experiments (1933-35) that the injection of various 
types of colloidal materials was followed by an extreme thrombocytopenia due to 
a sweeping up of the colloidal particles bj all the platelets in the circulation, 
and the resultant massing of agglutinated platelets as thrombi This was followed 
by active regeneration of platelets from megakaryocj'tes, as described by Volterra 
Other origins of the platelets have been described Brown^* in 1913 found that 
under conditions of excessive demand, platelet production from monocytes could 
occur Bunting’^ in 1910 claimed that in epidemic influenza in which thrombocyto- 
pema was present, platelets or platelct-like bodies were formed from lymphocj'tcs 
in the blood stream Howell and Donahue^- (1937)) basis of arterial and 
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venous platelet counts, htstologtc studies, and perfusion cxparimems, concluded 
that new platelets were added to the blood in capillar} areas of the lungs and were 
destroyed in the s}'stcmic capillaries 

Originall} based on purely morphologic grounds, the evidence from both 
histologic and experimental studies that platelets are formed from the megakar} o- 
C} tes of the bone marrow can hardly be more complete Under abnormal conditions, 
as in myeloid metaplasia, these giant cells ma} also develop in the spleen, the 
lungs, and in other sites Vicarious platelet production from l}Tnphoc} tes, 
monocytes, etc , is a possibility under conditions of unusual demand The literature 
on this subject is carefully reviewed by Tocantins 

B Variations in the Blood Platelet Count, Certain Peculator} Mtcbanisms — ^Thc 
number of platelets in the circulating blood probably depends upon several factors, 
none of which has been adequately studied Probably of greatest importance is the 
total number of megakaryocytes and their degree of activity In conditions with 
grcatl} increased megakaryocytes, as in polycythemia vera and certain cases of 
chronic myelogenous leukemia, the platelet count becomes considerably mcrcased 
Megakaryoc} tic activit) is also stimulated by excessive blood loss, whether due to 
hemorrhage or to increased hemolysis The operative removal of various organs, 
such as the uterus, the stomach, etc , is followed by a transient thromboc} to- 
sis^Ji-n which may, however, be a function of bleeding rather than dependent 
upon actual removal of the organ When megakaryocytes are conspicuousl} re- 
duced, as in acute leukemia, aplastic anemia, destructive lesions of the bone 
marrow, and certain deficiency disorders such as pernicious anemia, the blood 
platelets are also greatly diminished In these abnormal situations, the relationship 
of megakaryocytes to platelets seems to be clear and well defined However, no 
such clarity exists when one considers the normal blood platelet count The 
mechanisms dealing with the stimulation of platelet growth and budding, the 
delivery of platelets from the bone marrow to the blood, the life span of the 
platelet, and its mode of destruction and disintegration remain quite obscure 

As noted above, a potent stimulator of megakary ocy tic and platelet production 
IS blood loss, whether by hemorrhage or by hemoly^sis Since blood destruction by 
hemolysis is constantly taking place, it is possible that this process results in a 
constant stimulation of megakaryocytic platelet growth In women, the menstrual 
cycle appears to be closely related to variations in the count With onset of the 
catamenia, as one of us'‘ showed a number of years ago, there is an immediate and 
striking rise in platelets to about twice their original level This may be interpreted 
as indicative of an endocrinal relationship, but it may simply be due to the stim- 
ulating effect of hemorrhage into the endometrial mucosa and its sudden sep- 
aration from the uterus In any event, the platelet count of menstruating women 
IS subject to regular peaks and valleys, determined largely by the menstrual q cle, 
and IS quire in contrast with that of men and nonmenstruating women The low 
megakaryocyte and platelet counts in pernicious anemia, and the prompt response 
in platelet count following treatment with liver extract — often in advance of the 
reticulocyte increase — suggest that Incr extract substance is required for 
megakaryocyte platelet growth 
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The mcchanisnis which have to do with the delivery of platelets from the marrow 
to the blood are also obscure One fact is, however, certain the operative removal 
of the normal spleen is followed, not only by a marked temporary increase in 
platelet count, but by a sustained high platelet level which may be present as 
long as twenty years after splenectomy This is quite in contrast with the tran- 
sient platelet increase which occurs following the removal of an organ such as the 
uterus, and suggests that the normal spleen exerts a regulatory (inhibitory?) 
effect on cither the growth of the platelets or their delivery from the marrow to 
the blood Support for this hypothesis is given b> the findings in many cases of 
splenomegaly, whether due to cirrhosis of the liver, splenic vein thrombosis, 
chronic infection, Gaucher s disease, Boeck s sarcoid, Fclty s syndrome, or what- 
ever In these conditions, leukopenia, granulocytopenia, and thrombocytopenia 
arc usually present, suggesting that the large spleen exerts an unusuall> marked 
inhibitory effect on both leukocytic and platelet formation and/or delivery 
Evidence indicating that the thrombocytopenia is due to an inhibition of delivery 
rather than to disturbed formation is brought out by the findings in the bone 
marrow which show an increase in megakaryocytes with a normal degree of 
platelet production (table 5) Following splenectomy in these cases, the platelets 
rise quickly to high levels, where they remain indefinitely 

C The Marrotv Findings in Idiopathic Thrombocytopenic Purpura — ^Thc above 
observations lead us to interpretations regarding the marrow findings in essential 
or idiopathic thrombocytopenic purpura and their relationship to the spleen and 
splenectomy Frank® in 1915 was the first to hypothecate that the low platelet 
counts might be due to a dysfunction of the megakaryocytes His actual studies 
of the bone marrow were reported fully in 19x5'® m his authoritative review of 
the hemorrhagic diseases in Schittcnhclm s Handbuch der Krankheiten des Elutes und 
der Blutbildenden Organe In this article, he noted diminished granularity and 
greatly diminished platelet production from megakaryocytes, together with the 
presence of degenerative changes The article is illustrated with several excellent 
drawings in color Frank s very complete studies have unfortunately received 
little attention, particularly in this country, where the concept of an undue throra- 
bocytolysis by the spleen seems to have gained wide credence This concept, which 
was originated by Kaznclson" of Prague in 1916, was based on the finding of an 
enlarged spleen in a case of chronic thrombocytopenic purpura, studies of the bone 
marrow were not made In 1917, Minot,-'" with the help of J H Wright, studied 
the bone marrow of a fatal case of the disease The megakar> ocytes were plentiful 
and perhaps even slightly increased above normal From the available prepa- 
rations, we could not tell if there was any definitely altered histologic appearance 
of the cells These important statements were made We can suppose that, 
though these giant cells arc plentiful in numbers, they became affected so that 
they arc unable to allow platelets to be cut off from them in normal fashion Is 
It not possible that at times, with or without hypertrophy of the spleen, its phy- 
siologic activity is altered so as to cause bone marrow depression? Sccligcr'® 
(19L4) in z cases and Gasper'® (1916) in i case found increased mcgakar> oc> res 
Weiner and ICaznclson®® in 19x6 stated that megakaryocytes were abundant in all 
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their eases Since they found the structure of the megakaryocytes normal, they 
postulated an unusual thrombolytic function of the spleen They found more 
platelets in smears made directly from the extirpated spleen than in the splenic 
blood No actual evidence of thrombocytolysis was, however, brought forth 
Jedlicka and Altschuler®^ in 192.5 studied the marrow from z cases of chronic 
essential purpura The megakaryocytes were numerous and showed increased 
vacuolization and deficiency in granularity In an autopsied case, Schraincke®" 
found increased megakaryocytes, their cytoplasms were free of granules and many 
contained leukocytes and lymphocytes The latter finding was interpreted as 

Table 7 — Acufe Idiopathic Tbrombocytopenic Purpura — Differential Megakaryocyte Counts Before and After 

Splenectomy 
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evidence of phagocytosis Gerlach®® reported an autopsied case with numerous 
megakar} oc) tes in the marrow Large pyknotic nuclei, with little cytoplasm, 
containing few or no granules were present, pseudopods were rare Nickerson and 
Sunderland,®^ studjing autops> material, found that the megakaryocytes were 
either increased or decreased in number The predominance of young forms sug- 
gested a functional hyperplasia These observers found that the platelets and the 
megakarj ocy tic granules were very fragile and unusually susceptible to destruction 
both by postmortem change and the various processes involved in fixing the 
hy^drating tissues prior to staining 

Study ing the sternal biopsies of 4 cases of idiopathic thrombocytopenic purpura, 
Willi®® believed that the megakaryocytes were not pathologic, however, no 
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platelet formation was seen In a ease undergoing spontaneous recot cr\ , the 
peripheral platelet count hat mg reached 207,000 per cu mm , KrjukoP® found at 
marrow biops) numerous normal appearing megakart OC) tes surrounded bj large 
numbers of platelets 

Klima*' studied 17 cases bt the method of sternal puncture Megakart oettes 
were found increased in the majority This tt as particularlt true of the chrome 
cases, in which nongranulated mega kart oc) tes ttere often found RosenthaP* 
stated that the megakart oc) tes are present in normal numbers or increased in 
thromboc) topenic purpura hemorrhagica The diminution in platelets is either 
due to increased destruction in the spleen, or is the result of lack of fragmentation 
of the megakar) ocytes Scott^® investigated the sternal marrott in i case and 
stated that although the megakart oc\ tes were certainlt more abundant in most 
films, qualitative changes in the cells were not striking 

Recentl) Limarzi and Schleicher,®® emploting a technic wherebt hlms arc 
made from the nucleated cell la) cr from the sternal marrots at puncture, found a 
marked megakaryocytic h) perplasia In the acute cases } oungcr forms of mega- 
kar} ocytes predominated, while in the less acute phases adult tfpes appeared to 
be increased Pathologic or toxic forms of megakar} oct tes, cells with de- 
generative types of nuclei and h} aline C}toplasm and an absence of azurophilic 
granules, were frequentl} observed Splcncctom} resulted in a reversion of the 
marrow picture to normal values They concluded that splcncctom} removed i 
factor inhibitory to the maturation of megakart oc} tes and that the differential 
diagnosis of purpuric states could be satisfactoril} made from bone marrow studies 

Ficschi and Villalobos,®' stud} mg the bone marrow^ in 8 cases, found changes m 
the mcgakar}'ocytcs consisting of a disturbance in maturation of the cells and of a 
deficiency in platelet formation and detachment There w as also a lack of platelets 
m the blood of the marrow The megakaryoc} te counts showed an increase in 
} oung forms and an asynchronism in the maturation of the nucleus and protoplasm 
Distinct hyperlobulation was present Degenerated forms w'ere inconstant and 
never very numerous 

Lawrence and Knutti,®- in 6 cases of idiopathic thromboc} topenic purpura, found 
the bone marrow sections normal in number in 4 cases In the other z, the mega- 
karyocytes were decreased Morphologic variations existed in the megakar} oc} tes 
of 4 of the cases These authors concluded that at least rwo different varieties of 
the disease were present and suggested that splenectomt w'as of greater value in 
those cases with normal bone marrows On the other hand, Heinild®® in 4 cases 
was unable to demonstrate qualitative characteristic alterations of the megakart o- 
cytes Wiseman, Doan, and Wilson®' reported bone marrow findings before and 
after splenectomy and found practically no change The numbers of megakar} oc} tes 
are given but are not compared with normals, and the time inten als after splen- 
ectomy are not stated 

The majority of the reports in the literature thus give the impression that the 
megakaryocytes are increased in essential thromboc} topenic purpura The only 
real attempt to compare their numbers with those of normal cases is that of Limarzi 
and Schleicher,®® who found a definite increase With reference to qualitatne 
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changes, most reports deal wjth hied materia], usual]} obtained at autopsp Here, 
unless special care is taken in technic, the platelets and granules are at least 
partial]} dcstro}cd, and classification of the t}'pcs of megakar} oc}'tcs becomes 
ver\ difficult For the proper study of the mcgakanoc}te pattern and platelet 
production, the use of biopsy material with the preparation of well spread, well 
stained smears direct!} from touch or aspirated material is essential 

Our ow n observations of the marrow in idiopathic thrombocy topenic purpura 
agree close!} with those of Frank,^' who found a great diminution in megakar} o- 
C} tic platelet production corresponding with the marked platelet diminution m the 
blood However, since the actual number of megakar} oc} tes is often greatl} in- 
creased, although vet} few of them are producing platelets, the total concentration 
of platelet-producing tissue ma}^ not be as severely depleted as would appear at 
first glance This might indicate not only a disturbance in the megakar} oqte 
platelet production, but an inhibition of deliver} as well 

D Tie Nature of Idiopathic Throtnbocjtopenic Purpura — Several basic facts arc 
paramount in an} discussion of the nature of the disease known as idiopathic or 
essential thromboc} topeme purpura 

I The blood platelets are considcrabl} reduced 

z The bone marrow shows normal or increased numbers of mcgakaty^oc} tes 

3 The mcgakary'oc} tes show a greatl} diminished productivity of platelets 

4 Splenectom} leads in most cases to a great inaease in platelet production by 
megakatyoq tes, and 

5 To a great increase in blood platelets 

At first glance, it might appear paradoxical that the blood is practical!} de- 
pleted of platelets w'hilc the bone marrow' contains normal or even increased num- 
bers of megakar} oc} tes Careful inspection of the megakar} ocytes reveals what 
appears to be an adequate explanation of this dcscrcpanc}' the megakaryocytes 
show very little if any platelet production, which is often abnormal in ty'pe, 
proceeding from immature forms The low blood platelet count is therefore in all 
probability due to a dimimshcd production of platelets from megakaryocytes, 
although a diminished delivery of platelets from megakary ocytes may' also be a 
factor The qualitative changes in platelets as seen in the blood — ^largc forms, often 
bizarre in shape — may be due to their abnormal producuon by the earlier forms 
of megakary ocy tes 

These observations must be aligned with the undcmably dramauc effects of 
splenectomy Often within an hour, and almost always within a few hours after 
this operation, the platelet count begins to rise and quickly reaches abnormally 
high values Simultaneously the marrow shows striking changes within a few 
hours platelet budding is seen proceeding from most megakaryocytes, withm two 
dais huge masses of platelets are often seen overrunning whole microscopic fields 

If these obsen'ations arc correct, it would appear that only' one conclusion as 
to the pathogenesis of the disease is tenable i c , that it is due fundamentally to 
an abnormality of the spleen, uhich exerts an unusual effect upon the production of platelets 
from the megakaryocytes in the marrow This postulates a hormonal relationship 
betw een the spleen and the bone marrow' Several indications of such a relationship 
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arc already at hand ■’* (i) following splenectomy in the normal human and 
animal the white cell and platelet counts rise and Howell-Jolly bodies appear in 
the red cells, (z) in many conditions associated with a large spleen, the leukocyte, 
granulocyte, and platelet counts usually arc diminished, although the bone marrow 
is hyperplastic, (3) following splenectomy in such conditions, the leukocyte, 
granulocyte, and platelet counts rise to normal or high values These findings sug- 
gest that the spleen may secrete materials with effects upon the production of red 
cells, granulocytes, and platelets in the marrow and their delivery to the circulating 
blood Direct proof of such a hormonal relationship has thus kr not been estab- 
lished, although a number of observers in the past few years have demonstrated 
a possible platclet-inhibiting hormone in acetone extracts from the spleens of eases 
of idiopathic thrombocy topcnic purpura Recent experiments in our laboratory®^ 
have demonstrated that the injection in dogs of homogenized saline extracts of 
fresh whole spleen from eases of idiopathic thrombocy topcnic purpura is followed 
by an extreme reduction in the platelet count, the marrow simultaneously showing 
very large numbers of megakaryocytes 

The hypothesis originally advanced by Kaznclson" that the spleen required 
removal because of its unusual thrombolytic effect is unconvincing, since histo- 
logically the spleen shows little, if any, deviation from the normal Frank*® at- 
tacked the thrombolytic hypothesis vigorously How, he asked, can the sudden 
platelet increase take place unless a sufiicient number of mother cells arc already 
present in the marrow ready to take on platelet formation? Furthermore, Frank 
went on, actual thrombocytolysis in the extirpated spleen was never demonstrated, 
even by Kaznelson The splenic morphology is often diverse in the presence of the 
thrombocytopenic condition The more recent studies of Wiseman, Doan, and 
Wilson,®^ utilizing the supravital technic and seeming to point to a phagocytic 
activity of the splenic clasmatocytes upon platelets, require confirmation 

Allergic states, in which there is a direct effect upon the mcgakaryocy^tcs without 
splenic mediation, may be at the basis of some eases of thrombocytopenic 
purpura ®® By and large, however, idiopathic thrombocytopenic purpura must 
be considered as primarily a disease of the spleen with secondary effects upon the 
bone marrow megakaryocytes, thus resulting in a disorder of the blood The disease 
may thus be considered a form of hypersplenism or hypersplenic thrombocyto- 
penia, and as such may be compared with the hypersplenism of splenic neutro- 
penia The cause of the abnormal splenic activity and what initiates it still 

remain obscure Were this obscurity to be lifted, it might be possible to modify 
the action of the spleen without actually having recourse to its removal 

E The Diagnostic Value of the Bone Marrow Biopsy in Thrombocytopenic Purpura — 

A reduction in platelets — thrombocytopenia — may be due to various mechanisms 
which may be classified as follows (i) Actual disease of the entire bone marrow — 
aplasia, hypoplasia, infiltration by abnormal cells or tissues, fibrosis, liver extract 
deficiency, etc , here the platelets are reduced, together with the granulocy tes and 
the red cells, and pancytopenia is usually present (x) Selective involvement of the 
megakaryocyte platelet mechanism by the action of cheimcals, infections, and 
allergens (3) The hypersplenism of many eases of splenomegaly Gaucher s 
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disease, Fclrj^ s sj ndrome, BoecL s sarcoid, cirrhosis of the liver, etc , in these 
cases leukopenia and granuloc} topenia arc also common (4) The abnormal h}'pcr- 
splcnism of idiopathic thromboc} topcnic purpura The differential diagnosis 
between these conditions usuallj offers little difficulty, but occasionally one is 
hard put to it to discriminate definitely between an idiopathic case and one which 
IS secondar) or symptomatic of a more fundamental disorder Since this may be 
important from the standpoint of splenectomy, the diagnostic value of the bone 
marrow biops) must be considered 

In the first group, which ma} be called secondary thrombocytopenia, the bone 
marrow shows either aplasia, hj-poplasia, leukemic infiltration, sarcomatous in- 
vasion, or fibrotic replacement The megakaryocytes are conspicuously diminished , 
in extreme cases, none of these cells is seen The great reduction in these cells is the 
outstanding feature which differentiates the condition from the idiopathic 
disease, the few remaimng megakar} ocj'tcs are essentially normal in size, shape, 
appearance, and platelet production 

In the allergic t)yie, and in infectious thrombocytopenias, the megakar) oc) tes 
are sclectivel} involved, while the rest of the marrow is essentially normal 
Schwartz®' has shown that bone marrow eosinophilia is a common finding in the 
allergic group, even in the absence of blood eosinophilia In the toxic and infectious 
tjyies, there may be a definite reduction in the megakaryocytes, with the granulo- 
c} tes often showing marked toxic changes 
In the symptomatic thrombocj'topcnia of hypersplemsm associated with a 
large spleen, the megakaryocj^tes arc numerous and platelet production appears to 
be normal The low platelet count and the response in platelets following splcncc- 
tomj must therefore be due cither to an inhibition of delivery of platelets from the 
marrow to the blood by the unusually active enlarged spleen, or to unusual phago- 
c) tosis of platelets b) that organ Our histologic studies of the spleen indicate that 
the first of these explanations is probably the correct one 
In the idiopathic group there is usually an increase, often great, in the mega- 
kar) oc) tes, which, however, show greatly diminished platelet production The 
ability to recognize this abnormality may be of prime importance in deciding 
w hether splenectomy will be of value in a given case 

SUMMARY AND CONCLUSIONS 

I The mcgakar)'^ocytcs of the sternal bone marrow at biopsy were studied in ii 
cases of idiopathic thromboc) topcnic purpura and compared with those of 10 nor- 
mal cases, 5 of thrombocytopenic purpura associated with various types of splcno- 
mcgal) , and of a large group of miscellaneous hematologic conditions, including 
leukemia, associated with a reduction in platelets 

i Megakar) oc) tc counts expressed in terms of a million nucleated red cells and 
differential counts of mcgakatyoc) tes were performed The megakaryocytes were 
classified as megakar) oblasts, promcgakaryocytcs, and mature forms, and were 
further subditidcd into those showing granularity, platelet production, degener- 
ated forms, and mitoses 

3 In the normal cases, not more than 300 megakaryocytes per million nucleated 
red cells were present, and an average of 68 6 per cent showed platelet production 
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4 In acute idiopathic thrombocytopenic purpura, although the platelets in the 
circulating blood were rare, megakaryocytes were increased, being present in a 
proportion of 366 to 743 per million nucleated red cells Platelet production was, 
however, greatly diminished and found in onlj 8 to 19 per cent of all megakar>o- 
cytes Following splenectomy , there was a striking increase in platelet produc- 
tion, which was now present in 69 to 85 per cent of all cells, the large masses of new 
platelets in the marrow were often very striking 

5 In chronic idiopathic thrombocytopenic purpura, the megakaryocytes were 
considerably increased over normal values, but showed great diminution in platelet 
production, following splenectomy, extreme degrees of platelet production from 
megakaryocytes took place 

6 In splenomegaly of nonleukemic origin (cirrhosis, splemc vein thrombosis, 
Gaucher s disease, Felty s syndrome), the megakaryocytes were somewhat in- 
creased, but platelet production was normal 

7 In aplastic anemia, lymphosarcoma, acute leukemia, and other diseases invad- 
ing or destroying the bone marrow, the megakaryocytes were conspicuously 
reduced, the few remaining cells present being of normal morphology 

8 The origin of the blood platelets from megakaryocytes, certain regulatory 
mechanisms for platelet production and delivery , and the possible relationship of 
the spleen to these mechanisms are discussed 

9 The findings of increased megakaryocytes and greatly diminished platelet pro- 
duction in the marrow before splenectomy and the striking increase in platelet 
production after splenectomy indicate a definite pathogenetic relationship of the 
spleen to the disease Idiopathic thrombocytopenic purpura is probably a form of 
hypersplenism (splenic thrombopema) in wh.ch, through a possible hormonal 
mechanism, the megakaryocytes of the bone marrow are inhibited from normal 
platelet production and delivery 

10 The marrow findings in idiopathic thrombocytopenic purpura are sufficiently 
characteristic to be of diagnostic value in differentiating the disease from leukemia 
and other conditions associated with a low blood platelet count 

REFEEIENCES 

' Weruiof P G Opera medica Hannovcrac imp fratrum HeJwjDgiomm, 1776, vol z. 

’ Krauss, E fiber purpura Inaug Dissertation Heidelberg 1883 

* Denys, J fitudes sur la coagulation da sang dans un cas dc purpura avee diminution considerable dcs 

plaqucttcs Cellule 3 345-61, 1887 

^ Hayem, G (a) Du Sang ct dc Ses Altcranons Anatomiqucs Pans G Masson 1883 (bj 1 Hemato- 
blastc TroisiJmc Element du Sang Pans Les Presses Universitaircs dc France 1913 
‘ Wright, J H (a) The origin and nature of the blood plates Boston M AS J 17^643-45,1906 (b) 
The histogenesis of the blood platelets J Morphol ar 163-78 1910 
‘ Frank, E Die csscnticlle Thrombopcnic (Konstitutioncllc Purpura — Pscudo-Hamophilic) I Klin 
ischcsBild Bcrl klm Wchnschr 7a 454-58,1915 II Pathogenese Ibid 7a 490-94,1915 
’ Kaznelson, P Verschwindcn dcr hamorrhagischcn Diathcse bei cinem Falle son cssenticllcr 
Thrombopcnic (Frank) nach Milzcxstirpation Splcnogcnc thrombols tischc Purpura Wien 
klin Wchnschr aj 1451-54 1916 

* Idem Thrombolj tischc Purpura Ztschr f klin Med Sj 133-64 1919 

•Troland, C E AND Lee, F C Thrombocs topen A substance in the extract from the spleen of 
pauents ssith idiopathic throraboc) topenic purpura chat reduces the number of blood platelets 
JAMA III zzi-vS, 1938 



4S MEGAKARTOCYTES EN THE01.rB0CrT0PENIC PtTRRDRA 

'“Hobson F C GjABtoWitis L J Platelet rcduaog cNtracts of the spleen Brit MJ t 30-51 1340 

" Rose H , Jr abtd Boyer L B ThrombocYtopen a confirmatory report J Clm Investigation 
S1-S6 1941 

' Otanasek F snt) Lee, F C Further observations on thromboci topen J Lab &. Clm Med 
1-66-73 1941 

" Paul J T The effect of splenic extracts from ca«cs of essential thromboc) topemc purpura on the 
platelets and hematopoietic organs of rabbits J Lab &- Clin Med aj 754-61, 194- 

" UiBLzis A Effect of injection of tissue extracts on the number of blood platelets J Lab &. Qm 
Med -<■ 157-67 1941 

Croneite E P Further studies of platelet reducing substances m splenic extracts Ann Int Med 
so 51-6-, 1944 

'• Fran-k E Die hamorrhagischcn Diathcsen in Schittenhelm, A Handbuch der KranLheiten des 
Blutes und der Blutbildenden Organe Berlin Julius Spnnger, 19-5 vol 1, pp 189-471. 

" D ssiEsHEK, W A method for the simnltaneous enumeraoon of blood platelets and reticulocytes svith 
consideration of the normal hlood platelet count in men and tvomcn Arch Int Med ja 575-S9, 
1931 

'* DiGuouelsio G Sul sistema delle cellule giganti midoUari Haematologica ( 156-93 1915 

Moron'e G Di alcune ossenaziom sulla genesi e sulla funzionefagoatana da megakanoau Haema- 
tologica J 117-55 *9-® 

“Torriou M , vMi Scale! L Lc cellule gigann midolan Osscrranoni sulla genesi e atnvita fago- 
citana Pathologica 2! 17-3-, 1936 

'Bisnchint G Le asfissie e la piasmnogenesi Haematologica ^ 31-73 1915 

- Cesa Bianchi, D Splenomegalia mieloide alcucemia Haematologica _ 65-1-4 1911 

* Fon-tana a Genesi funiionc e morfologia del megacanoan nel sangue pcnfcnco delle leucemic 

mielodi croQiche Haematologica 10 151-69 1919 

"* Gantjolto S a proposito delle genesi e del meccanismo di formaiionc delle cellule giganti midollan 
Haematologica re 185-94, 1919 

* Rosenthal, N Blood platelets and megakar30C3tes, in Dot\-ne\ H Handbook tf Hematoloiy New 

York Paul B Hoeber 193S vol i pp 44^-96 

I-s\iBiN P ANo Laxiers K Lcs pripolvcaryocvtes de Di Gnghelmo Compt rend Soc de Biol 
S6S-70 19-6 

Lapidaki M La genesi e 1 evoluzione della cellula gigantc di Bizzozzao Haematologica 10 171-S4, 
19-9 

-* W UYTS \ A propos de 1 ongine des megacan OCX tes Sang/ 4-5-30, 1931 

Bloom W Mjelopoicticpocencx of fLxed cells of the rabbit Iixct la Contributions to the hledKalSciimis 
m Honor of Dr Emanntl Libman bj His Pupils Fninds and CoUtap^ms New'iork International Press, 
1931 \ol I 199--07 

*“ Doxvn'et H Palmer M abtd Poxvell L The origin of the megarakarj ocytes in the spleen and 
livCT in a caxe of an^iical mxelosis Folia Hemat 41 55-7E, 1930 
Downty H and Nordland M Hematologic and histologic stud) of a case of m)eloid megakaiy o- 
cx tic hepato-splenomegal) Folia Hemat 62. 1-39, 1939 
Howell W H Obscnations upon the occurrence structure and function of the giant cells of the 
maiToxx J Morphol 4. 117-30 1S90 

“Bunting C H Blood platelet and megalokanoc)te reactions m the rabbit J Exper Med 11 
541-52., 1909 

’•Smith C Robinson M and Tyson R The oxxdase reactions as applied to the megakaryocyte 
and blood platelet of the rat Anat Rec 70 139-44 ’ 93 ® 

“ Bunting C H Vicarious blood platelet production Bull Johns Hopkms Hosp }i 439-40, 1910 

“ Weiseotten H G Wyatt T C and Gibbs R F D The action of benzol %TI Thromboex topcnia 
and thrombocvtosis coinadent with marrow necrosis and marrow regeneration (rabbit) J Med 
Research 44 593-99 19-4 

’ Bebson S P and Johnston M E Further observations on platelet genesis J Path &. Bact 2S 
101-14 19-5 

” Firket j and CAStPos E S Genaalized megalocat) OCX tic rcacaon to saponin poisoning Bulk 
Johns Hopkins Hosp }} 2.71-S3, 192 


\\nLUAM DAMESHEK AND EDWARD B MILLER 


49 

VoLTERRA, M Sui quadn in stimolazionc del sistcma rcticolo-istioatano, passagio in circolo di 
mcgacanociti Pathologica ao 409-13,1918 

^ Dameshek, W The aggregation of platelets around injected particulate and colloidal matcnal 
Unpublished experiments 1933-35 

"Brown, W H The histogenesis of blood platelets J Exper Med 178-86,1913 

Howell, W H , and Donahue, D D The production of blood platelets in the lungs J Exper Med 
tfl 177-103 1937 

'^Tocantins L M The mammalian blood platelet in health and disease Mediane 17 135-158,1938 

Hueck, H Blutplattchen Untersuchungen bei chirurgischcn Erkrankungen Deutsche Ztschr f 
Chir ipa. 311-19, 1915 

R Y , Earlam, F andEsans, W H The relation of the blood platelets to thrombosis 
after operation and parturition J Path &Bact }i 833-73,1918 

WiLUNSKi , B A note on changes in the blood platelets after operations and injuries Lancet i 
1116-17, 1930 

Minot, G R Diminished blood platelets and marrovi insufficiency A classification and differential 
diagnosis of purpura hemorrhagica, aplastic anemia, and allied conditions Arch Inc Med rp 
1061-64, 19^7 

Seelioer, S l)ber Organbefunde und ihre Bedeutung filr die Pathogenese bei essentiellcr Thrombo- 
pcnie und Aleukic Klin Wchnschr 3 731-35,1914 

Gaspar S Untersuchungen fiber Ursprung, Zahl und Form dcr Blutplattchen und fiber das Benehmcn 
der Knochenmarksnesenzellen (Megakaryozyren) unter normalen und pathologischen Verhak- 
nisscn Frankfurt Ztschr f Path 33 460-81 1916 

Weiner, W , and Kaznelson, P Hber die zcllige Zusammensetzung des Knochenmarkes nach 
Erfahrungen mittels der Stemalpunktion nachSc)farth Folia Hemat 3a 133-61,1916 
‘‘Jeducka V AND Altschuler, G Chronic essential thrombopcnia (Frank) Report of nso cases 
iMth remarks about ICS pathogenesis Acta Med Scandinav (4 113-41, 3916 
“ Schmincke, A Zur Kenntnis dec essentieller Thrombopenie Verhandl d deutsch path GeseUsch 
af 50, 1930 

Gerlach, G Zur Kenntnis des anatomischen Befundes bei Werlhofscher Krankheit Centralbl f 
allg Path u path Anat 4S 81-88, 1930 

“Nicxerson, D a , AND SuNDERLAND, D A The histopatholog) of idiopathic thromboc) topeiuc 
purpura hemorrhagica Am J Path 13 463-89 1935 
“ Willi, H Ober den Bau und die Funktion der Megakaryocyten und ihrc Bcziehungen zur thrombo- 
pcnischen Purpura Folia Hemat 33 416-39 1935 
“ Krjukof, A La raaladie de Werlhof comme thrombopenie fonctionclle Sangp 363-66 1935 

Klima, R Stcmalfunhmn und Knocbcnmarksbtld bn Blutkrankhtttm Berlin und Wien Urban und 
Schw artzenberg 1938 

Rosenthal, N Blood Platelets and Megakaryocj tes, in Downey H Handbook of Hematology New 
York Hoeber 1938 vol i, pp 449-96 

Scott, R B Sternal puncture in the diagnosis of diseases of the blood forming organs Quart J 
Med 3a 117-71, 1939 

® Limarzi, L R , AND Schleicher, E M The reaction of peripheral blood and bone marrow 10 chronic 
hemorrhage and in essential thrombopenie purpura JAMA 114 11-38 1940 
•' Fieschi, a and Villalobos S F Studio del megacanoati nella trombopenia emorrhagica cronica 
(raorbo di WerlhoO Haematologica as 535-60,1939 
'• Lawrence, J S and Knutti R E The bone marrow in idiopathic thrombopenie purpura Am J 
M Sc iSS 37-41 1934 

Heinild, S Observations on essential thrombopcnia (morbus maculosus Wcrlhofii) Acta med 
Scandinav pf 385-411, 1939 

Wiseman, B K , Doan C A and Wilson S J The present status of throraboc) topenic purpura, 

with special reference to diagnosis and treatment J A M A 333 8—13 194° 

“ Dameshek W , and Dekanes D The prodnenon in dogs of thrombocytopenia and the bone marrow 
lesions of idiopathic thrombopenie purpura by the injccuon of splenic extracts from bases of the 
disease To be published 



50 


MEGAKAB.-iOCVTES IN THROMBOCYTOPENIC PURPURA 


“ Squier T L and Madison F W Thrombocitopenic purpuri due to food allergs J Allcrgs J 

143-54 1937 

* Schwartz, S O The prognostic value of marron eosinophils in thrombocytopenic purpura Am J 
M Sc anp 579-87, 1945 

Frank E AleuLia splenica Die splenogene Leuko-mselotoMkosc — Aleukia haemorrhagica In 
Bcrl klin Wchnschr j} 535 ~ 6 t. 1916 

Wiseman, B K and Doan, C A A ncwlj recognized granulopcnic sradrome caused b) evccssive 
splenic leukol} sis and successful!) treated bi splenectomi ] Clin Investigation tS 473 1939 
DAstEiHEK, W Leukopenia and agranuloc) tosis Kepnatei horn Oxferti Ijosc Ltaf Maitcin with the 
same page numbers as in that work New York and London Ovford 1944, pp 841-51 






I Mature megakaryocyte Note granularity of cytoplasm, pseudopods and the presence of platelets, 
which are situated chiefly at the periphery of the cell and in the pseudopods 

X Mcgakaryoblast 

3 Mature megakary ocyte or intermediate form, from a case of chronic idiopathic thrombocy topenic 
purpura There is well defined granularity of the cytoplasm, but no platelet formation 

4 Mature megakaryocyte from a case of chronic idiopathic thrombocytopenic purpura There is 
almost complete lack of granularity and marked \acuolization and degeneration of the cytoplasm 

5 Intermediate form of megakaryocyte from an acute case of idiopathic thrombocytopenic purpura 
Granule formation, without platelet development is evident and there arc some questionable nuclear 
bodies (asynchronism of dccclopment) in the cytoplasm 

6 7 Lymphoid megakaryocytes from an acute case of idiopathic thrombocy topenic purpura These 
are characterized by blue cytoplasms lack of granularity and lack of platelet formation 

8 Promegakaryocy te from an acute case of idiopathic thrombocy topenic purpura 24 hours after 
splenectomy Nongranular platelet formation is present around the periphery of the cell tsith a streamer 
containing a group of newly formed platelets 

9 10 Intermediate form and mature megakaryocyte from an acute case of idiopathic thromboct to- 
penic purpura 48 hours after splenectomy There is a striking producmity of granular (functioning) 
platelets seemingly with the entire cy toplasm almost reads to break up into platelets 

All illustrations drawn -nith the aid of a camera lucida at a magnification of izco times 



THE VALUE OF PENICILLIN IN THE TREATMENT OF 
AGRANULOCYTOSIS CAUSED BY THIOURACIL 

Bj Mar\ Catherine Tyson, M D , Peter Vogel, M D , and Nathan 

Rosenthal, M D 

M ackenzie and McCollurn’ found that the use of sulfonamides in experi- 
mental animals produced thyroid hyperplasia and msufficicncy Astwood^ 
tested more than loo similarly related compounds which might inhibit the function 
of the th)roid gland, and found that thiourea and thiouracil produced this effect 
From the clinical point of view these substances seemed to be the most promising 
and the least toxic of the effective drugs * 

According to Asnvood,’ thiouracil exercises its effect through the inhibition of 
the formation of thyroid hormone by some type of enzymatic activity As a result 
of the depletion of th)roxin, the anterior lobe of the pituitary gland is stimulated 
to produce more thyrotropic hormone, causing thyroid hyperplasia which is 
ineffective in the presence of continued thiouracil administration According to 
previous studies made by others, and at our hospital by Gabrilove, Kcrt, 
and Soffer,-* it is apparent that the drug is very effective in reducing the basal meta- 
bolic rate and bringing about clinical improvement in cases of Graves disease 
The usual therapeutic dose is one gram dail) in divided doses After four weeks, this 
IS reduced to one tenth or nvo tenths of a gram daily for maintenance purposes 
A smaller dose than this (o i gram) has recently been recommended 
During the course of his preliminary experiments, Astwood* noted that one of 
his patients developed leukopenia This followed the administration of the drug 
for approximately thirty-six days, at the end of this period there was malaise and 
a temperature of 105“ The total white cell count fell to 1,100 per cubic mm with 
complete absence of granulocytes The drug was then discontinued and the patient 
was given sulfathiazole, liver extract, and pentnucleotide, and recovery took place 
one week later The toxic effect of the drug on the blood was thought to be due to 
the large dose of thiouracil employed In this instance, two grams daily were 
administered for eight days 

Our attention was called to a somewhat similar case by Dr M A Rubinstein ® 
In this instance the toxic effect of the thiouracil was more prolonged The patient 
developed marked granulocytopenia but recovered completely after several weeks 
with the aid of transfusion therapy There have been a number of reports in which 
some of the patients developed moderate leukopenia, generalized lymphadenop- 
athy, skin sensitivity, and fever after eight to ten days of administration of the 
drug These symptoms were followed by complete recovery when the drug was 
discontinued Additional cases of agranulocytosis have been reported together \Mth 
one fatal case by Kahn and Stock ‘ 

The purpose of this paper is to report nine additional cases of severe agranulo- 
From the Hciiiatolog) Laboratot) The Mount Sinai Hospital New Yorh 

* Thiouracil is produced b) Lederle Laboratories under the trade name Deracil 0- t^io 6 oxiyi n- 
raidine} 


53 



54 


PENiaLLINf AND AGRANULOCYTOSIS CAUSED BY THIOURACIL 


cyrosis following the use of thiouracil and to stress the effectiveness of penicillin 
in the treatment of this dangerous complication 
Of the nine cases studied, four were fatal, five recovered after penicillin thcrap) 
The first patient died forty-eight hours after admission to the hospital, but did not 
receive penicillin The second patient was treated with penicillin but succumbed 
to an underlying cardiac condition The third patient succumbed in spite of what 
was thought to be an adequate dosage of penicillin The fourth patient died ten 
hours after admission to the hospital, after only one day of treatment The remain- 
ing five patients all recovered following the use of penicillin 

The case histones will be given in abstract form and onl} the pertinent data 
mentioned, since some will be reported in greater detail subsequent!) b) Gabnlovc, 
Kert, and Soffer ® 


FATAL CASES 


Cast j D B VIS a 49 ^ca^ old Ausman bom widov who entered the hospiul for the first time on 
Januan 15 1944 with a two t car historj of increasing nenousness, tremor of the hands protrusion of 
theejes d} spnea, palpitation profuse perspiration, and weight loss of 63 pounds On ph) sical examina 
non the patient showed marhed e\ophthalmos, lid Jag and stare, and a fine tremor of the hands The 
th) roid gland was uniformly enlarged The pauent w as apprehcnsis e emotional and hj'perLinctic Her 
heart was overacuve wnth a rate of 11.5 beats per minute Two basal metabolic rates on successive dajs 
were plus 75 per cent and plus 77 per cent 

The blood picture was as follows hemoglobin 77 per cent, white blood cell count 6,400 per cubic 
mm with the following differential segmented polvmorphonuclcar IcuLocvtes 51 per cent nonscg 
ented pol) morphonuclear leuhoct tes 1 per cent fi-mphocs tes 34 per cent monoc) tes 6 per cent, eosino- 
hilcs 6 per cent The patient was given o i grams of thiouracil oralh five times a daj beginning on 
Januar) zi 

Tw else da) slater, February i, the basal metabolic rate had fallen to plus 30 per cent and the pulse rate 
to 80 per minute The patient felt greaclt improved, seemed much quieter and had gained 5 pounds in 
weight On Februar) zr after thirc)-one dajs of thionraal thcrapi she had gamed iz pounds and 
showed little eiidencc of h) perthi-roidism The basal metabolic rate was now plus 5 per cent The 
hemoglobin concentration was 77 per cent, the white cell count 5,800 per cubic mm Dunng this period 
the white blood cell count vaned between 3,800 and 6 Soo with normal diffctenual counts The pauent 
was discharged to a consalescent home, where she continued to rcccise o 4 grams of thiouraal daily 
until March z, rcceiting a total of 33 6 grams within forrr days On the forneth dai of thiouracil she 
del eloped a cough fever and a shaking chill Thiouracil was discononucd and aspirin was given A 
blood smear taken at the coni-alescent home on this dai, was not examined, howetcr until three dajs 
later and found to hate the following differential segmented neutrophiles 6 per cent, nonsegmented 
neutrophiles z per cent ly mphoct tes 90 per cent, and monoct res z per cent 

The patient was readmitted to the hospital on March 5 acutely ill and febrile wuth a diffusclj red 
throat and a macular skin rash The whitcbloodccllcountwas36opcrcubicmm andonlj Ij-mphocytes 
were found on the smear Peniallin was not atailable at this time A transfusion of 500 cc of citrated 
blood was giten followed b) sulfamerazinc bt continuous intravenous infusion On March 6, the pa- 
uent s temperature ranged between 105° and 106" The blood culture was negatue She became deeply 
ictenc and the liter became tender and enlarged to three fingers breadth below the costal margin The 
hemoglobin was 90 per cent with 4 4Z million red cells per cubic mm the platelets were 150 000 per 
cubic mm the white cells numbered 800 per cubic mm and all were IjTuphoct tes 

Sternal marrow aspirauon retealed onlj ii 000 nucleated cells per cubic mm and showed the follow- 
ing difl^erenual count 


Mjeloblasts 
Hematogones 
Reuculum cells 
Megakaryocj tes 


8 per cent 
10 per cent 
zo per cent 
z per cent 


L} mphoc) tes 
Plasma cells 
Normoblasts 


zo per cent 
10 per cent 
30 per cent 
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This revealed a hj'poplastic marrow mth a disappearance of all mature and most of the immature grauu- 
loc) tes As m other verj severe eases of agranuloc) tosis, there was a relauve increase of reticulum cells, 
Ijinphocytes and plasma cells 

The patient died in a state of hyperpjTema on March 7, two daj s after the second admission to the 
hospital The essential findings revealed at the postmortem cvamination tsere jaundice, a hyperplastic 
thiToid, esophagitis vi ith erosion of the loiser third of the esophagus, and cloudi swelling of the hver 
Postmortem marrow smears were similar to those obuined bi sternal aspirauon the daj before death 


N S , a 53 year old woman, was treated forartenoscleroticheart disease anncularfibnllanon, 
thy roid adenoma and diabetes mellitus for one y ear Her first basal metabolic rate was plus 43 per cent 
In December 1343 it had risen to plus 80 per cent but operation nas deemed inadvisable because she was 
considered to be a poor surgical risk She w as given o 2. grams of thiouracil six times a dav for three w eeks 
when It was reduced to o i grams six times a day and continued for three weeks longer A total of 37 8 
grams was given o\er a penod of six weeks Repeated blood counts were normal On Februarv i 1344 
acute tonsilhas developed and streptococcus hemoly ticns was found on culture Six grams of sulfadiazine 
were gn en daily for eighteen das s At the end of this period of mcdicanon on Februan 13 the white 
blood count svas 8,500 per cubic mm 65 per cent of which ssere polvmorphonuclear cells The signs and 
sy mptoms of hyperthyroidism increased markedly and on Februarv zy thiouranl svas started again with 
a dosage of i z grams dailv for ten davs A total of rz 5 grams svas given She was discharged improved 
from the hospital on March 6 with a white blood count of 8 650 cells per cubic mm and 70 per cent 
polvmorphonuclear cells One sseek later she was readmitted ssuthfeser cellnlius of the face andulcera- 
uve lesions of the tonsils and phars nx On examination of the blood an extreme leukopenia (zyo cells per 
cubic mm ) svas found No granalocrtes were seen and onlr lymphocytes svere found on the blood smears 
On admission z grams of sulfadiazine were gisen Penicillin was then obtained, and izo 000 units were 
given daily Blood counts performed by one of us called in coasultauon on March 13 revealed the follow 
mg 

Hemoglobm 63 per cent 

Red blood cells 3 86 milhon per cubic mm 

White blood cells zoo per cubic mm , all Ivmphocytes 

Platelets 110,000 per cubic mm 

A sternal marrow aspiration done simultanconsly showed the following 
Total nucleated count— 3Z 000 per cubic mm 
Megakaryocytes — zz per cubic mm 


Myeloblasts 

3 per cent 

Lymphocytes 

4 per 

Promyelocytes 

I per cent 

Plasma cells 

7 P=r 

Megakaryocytes 

I per cent 

Erythroblasts 

10 per 

Reticulum cells 

16 per cent 

Normoblasts 

35 P=r 

Hematogones 

13 per cent 




The bone marrow showed the typical findings of agranulocytosis The panent s condition became worse 
and she died in cardiac failure on March 17 after 680 000 umts of peniallm had been given 

Case 3 F K svas a 47 year old name born woman ssith a negauve past historv Eight weeks before 
admission she developed dyspnea tachycardia, exophthalmos and palpitation A basal metabolic rate at 
this time was plus 65 per cent She was given thioutacil o 6 grams daily for two weeks Ac that time signs 
and symptoms of Graves disease had regressed, the paaent had gamed weight and the basal metabolic 
rate was plus 3 1 per cent She w as then given o z grams of thioutacil daily until admission at which ume 
she had had a total dosage of 16 8 grams in eight weeks Blood counts were done twice a week by her 
phy siaan, and the last one three days before admission was reported as normal 

The day before admission she developed a sore throat and fever On the day of admission November 
iz, 1944, n blood count revealed only i 000 white cells per cubic mm all of which were lymphocytes 

* We arc indebted to Dr Ralph Sussman for permission to pubhsh this case 
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Ph\ sical exanunaDon rcrealcd ao aaitcl> ill middle-aged female WTth a temperature of io3°F aud a 
markedK reddened throat with enlargement of the anterior ccnical nodes Lungs, heart, and abdomen 
■nere normal White blood cell count was 750 per cubic mm and onh h-mphocs tes uere found on the 
blood smear Hemoglobin -nas Sj per cent red cell count 4 75 million per cubic mm , and platelets 
300 000 per cubic mm Sternal marrow aspiration s icldcd €0 000 nucleated cells per cubic mm , with 44 
megaban oci tes per cubic mm 
Differential count 


Mscloblasts 

3 

6 per cent 

Reticulum cells 

1 4 per cent 

M)cloc) tes 

d 

0 per cent 

Er) throblasts 

I 6 per ccnc 

L) mphoc) tes 

-4 

0 per cent 

Normoblasts 

53 6 per cent 

Hcmatogoncs 

5 

X per cent 

Megakar) oc) tes 

0 4 per cent 

Plasma cells 

5 

- per cent 




This showed a marked decrease in mseloid cells with no mature granulocj tes together nith an in 
crease in nucleated red cells h-mphoo tes plasma cells, and reticulum cells, some of which were 
vacuolated 

Peniallin thcraps was started immediateh after admission in dosage of 10,000 units esen three 
hours mtramuscularlj In addition, a transfusion of 300 cc of whole blood, contmnous intrai enous glu 
cose solution in saline with added iiramins were giien On November 13 1544 icterus was present and 
the unne show ed three plus bile and no urobilin The white blood count svas 500 cells per cubic mm — all 
1 ) mphoci tes The phan ni. showed marked reddening and the temperature of 103° persisted On Noiem 
beri4 1944 the icterus deepened the In er was smaller on percussion and the panent appeared moribund 
Blood culture revealed the presence of streptococcus sindans reported as being ten times as resistant to 
penicillin as the standard organism Icterus index was 60 The white blood cell count was 300 per cubic 
mm all Ivmphoci tes On November 13 her condition was unchanged A blood count rciealed 6on white 
cells per cubic ram with 88 per cent I\-mphocvtcs, 8 per cent monoa tes and 4 per cent segmented poli- 
morphonudear cells The hvperpiTcxia continued and the patient showed signs of menmgeal imtation 
She died a few hours later Necrops) showed a necrotizing pharjngitis and a toxic hepatitis 

Cast 4. E C a 31 sear old female was admitted to the hospital on Jul) 3, 1943, with a three scat 
biscon of tremors nen ousness, and faague There had been considerable loss of wcightm the past 1 ear 
Five months before admission these si mptoms became markcdli aggrai ated and the basal mcubolic rate 
was recorded as plus So per cent Startmg on April 18 the patient was giicn thiouraal, one tablet three 
nmes daili until June 18 The drug w as disconunued at this nme when she telephoned her phi sician that 
she felt nauseated Blood counts had not been done penodicall) Four dai s before admission she developed 
a sore throat, fever, and chills Her neck became swollen 

She was admitted to a hospital m a neighboring state and was giicn zoo ooo units of penicillin 
Because of the senousness of her illness she was then referred to Mr Smai Hospital for admission Ph) si- 
cal examination revealed a desperateh ill female with a temperature of icujT Her throat ssas sivollcn 
and red, and there w as generalized cen ical h mphadenopathj The rest of the ph) sical examination was 
csscnualh negaus c Peniallin w as continued and a transfusion was gi\ cn, but she conrmued to go down 
hill rapidls and died ten hours after admission Permission for postmortem cxaminauon was not ob- 
tained The blood findings res calcd the follow mg 


Hemoglobin 

51 per cent 

Pol) s eos 

4 per cent 

Red cells 

5,010,000 



White cells 

800 

Lymphoc) tes 

81 per cent 

Platelets 

150,000 

Monoc) tes 

11 per cent 

Pol)s nonsegmented 

0 per cent 

Reticulocytes 

1 per cent 

Pol) s segmented 

0 per cent 
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CASES \VITH RECOVERY FOLLOWING PENICILLIN 

Case/ M K , a 15 > car old female, was admitted to the pnvatc pavilion of the Mount Sinai Hospital 
on June 1, 1944, because of sore gums and fever Her past history was negative except for kyphoscoliosis 
at the age of 15 which was treated by means of a cast At that time a basal metabolic rate was done and 
found to be low She took thyroid medication from time to time About ten months before admission she 
felt irritable, nervous, and became emotionall) unstable A fine tremor of the hands developed She was 
found to has e an increased basal metabolic rate and an enlarged thyroid gland She was given Lugol s 
solution for a period of time 

Five weeks before admission to the hospital she was guen thiouracil o 6 grams daily, a total of 11 
grams in thirty five days The basal mcubolic rate became normal and she improved subjectively Blood 
counts were not done Five days before admission the patient s gums became painful and she became 
febrile A few days later she consulted a dentist who referred her to another physician A blood count 
showed granulocytopenia, and she was then referred to one of us and was admitted to the hospital 
Physical examination revealed swollen eroded gums with a grayish appearance One small follicle was 
present on the posterior pharyngeal wall The submaxillary and nght posterior lymph nodes were cn 
larged The thyroid gland was diffusely enlarged She was given 150,000 units of penicillin intravenously 
daily for four days, then a5,ooo units intramuscularly every four hours for three more days In addinon, 

I cc of liver extract was given daily for six days The temperature ranged between 104° and 106° for five 
days and then dropped abruptly on the sixth day after admission The patient made an unev entful recov- 
ery Three transfusions were given on June a 3, and 4 The blood findings were as follows 



Hgb 

RBC 

WTBC 

Platelets 



B 

n 

M 

Plasma 

Myelo- 

cyte 

June I 

71 

3 49 

^>53° 

340,000 


I 

I 

95 


3 


June z 

73 

3 8 

loo 

180,000 




94 

1 

4 


June 3 

79 

5 87 

600 

100,000 



I 1 

99 


1 


June 5 

80 

4 8 

1,600 

130,000 








June 6 

95 

5 5 

1,800 

340,000 

I 

I 


79 

13 

6 


June 7 

93 

5 48 

1 1,300 

350,000 

5 

1 


63 

14 

:6 


June 8 

95 

4 88 

4,600 

32X>,000 

11 
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10 

11 

I 

June 10 

100 

5 3^ 

8,400 

410,000 

11 

42- 

I 

33 

9 


3 

June IX 

96 

6 x6 

8,000 

7x0,000 

11 

40 


33 

II 


4 

June 14 

103 

5 59 

8,xoo 

430,000 

5 

5° 


37 

5 


3 


NS — ^Polys Nonseg,S — ^Polys Seg B — Polys Bas,L — Lymphs, M — Monos 
Sternal marrow aspiration, done on June 8 showed the follownng 


Total nucleated count 
Megakaryocytes 


10 000 per cubic mm 
zz per cubic mm 


Myeloblasts 
Promyelocytes 
Myelocytes neut 
Polys nonseg 
Polys seg 
Polys bas 


6 per cent 
3 per cent 
38 per cent 
19 per cent 
3 per cent 
I per cent 


Hcmatogoncs 
Lymphocy tes 
Plasma cells 
Ery throblasts 
Normoblasts 


3 per cent 
16 per cent 

3 per cent 

4 per cent 
z per cent 


Cast 6 A K , a 50 year old single woman was admitted to the Mount Sinai Hospital on March 18 
1944 for sore throat and fever of twenty four hours durauon Three months previously she went to her 
physician complaining of weakness fatigue, loss of weight, anorexia insomnia tremor and sweating of 
one year s duration Her basal metabolic rates were plus 43 per cent, plus 63 per cent, and plus 73 per cent 
in the course of one week She was given o 5 grams of thiouracil daily for seven weeks by her physician 
Her basal metabolic rate dropped to plus 19 per cent and she showed marked clinical improvement A 
blood count done two weeks before admission to the hospital revealed a normal white count and differ- 
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cntial T^^ o da) s before admission she felt w el! except for slight fever and she w-as told b) her doctor to 
omit the thiouraal The following day her temperature rose to io-°, and she developed a sore throat 
inflammation of the nght upper gums and headache The dav before admission her white blood count 
uas 3 Z50 per cubic mm , uith 57 per cent Ijmphocjtes and a complete absence of poI)Tnorphonuclear 
cells Ph) sical examination on admission showed a diffusely reddened throat with yellowish exudate on 
the left tonsil The gums were swollen and gra)ish in color Ocher prenous blood counts as reported to 
us were as follows 



Hgb 

RBC 



LjTnphs 

M0Q05 


Per cent 


1 

per cent 

per cent 

per cent 

March 6 

lOO 

4 76 

7,000 

65 

33 

1 

March xy 

S6 

4 6x 

3.2-50 

I 

97 

X 

March _8 

1 8o 


x,i4o 


98 

X 


The patient uas gnen dail) transfusions of 500 cc of citratcd blood together with 11,500 units of 
peniallin intramuscular!) ever) three hours for four days The temperature ranged from ioz° to 103° for 
three da) s and then fell to normal The gum and throat lesions cleared and the patient made an uneventful 
recoter) Peripheral blood counts ranged as follows 



Hgb 

W'BC 

Polya Seg 

Polya ISonaegi 

1 

L>Tnph j 

Monos 


per cent 


per cent 

Per cent 

1 

per cent 

per cent 

March -9 j 

85 

1,150 

3 


96 

I 

March 30 


1,400 



98 

X 

March 31 j 

So 

1,700 

I 


97 

X 

April 3 

105 

3.700 

19 

14 

48 

9 

Apnl 6 


7.150 

5° 

6 

1 

35 

9 


Bone marrow studies were as follows 



ilarch 29 

1 

March 30 

Apnl 3 

Total count 

15,000 

1X0,000 

110,000 

Megahar) ocytes 


IIO 

44 


per cent 

1 per cent 

per cent 

M)cloblasts 

5 0 

I X o 

X O 

Ml does tes 

9 0 

1 i 8 5 

45 2- 

M)docytcs cos 


o 5 

0 4 

Nonseg pohs 

X 0 


17 2. 

Seg pol)S 



2, 4 

L) mphoc) tes 

31 0 

23 5 

7 2. 

Hcmatogoncs 

16 0 

IX o 

' 7 8 

Moooc)tcs 

I 0 



Plasma cdls 

3 0 

4 5 

0 8 

Reticulum cells 

7 0 

3 o 

1 

Mcgaloblasts 


o 5 


Erythroblasts 

X 0 

X o 

0 8 

Normoblasts 

ZI 0 1 

43 o 

i 8 o 


Case-; M S was a 43 ) ear old woman, first admitted to the hospital on March 14 1944 with a his 
tot) of progressne nervousness, perspirauon poI)'phagia heat intolerance, and dyspnea on exertion of 
three months durauon Examinanon retealed moderate exophthalmos and lid lag, and enlargement of 
the isthmus and left lobe of the th)roid gland Tachycardia was present, the apical rate being 100, and a 
coarse systolic murmur was heard o\cr the entire precordium The blood pressure svas 145 systolic, 95 
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diastolic The skin s\as warm and moist, and there was a fine tremor of the fingers She appeared anxious 
The basal metabolic rate was plus 48 per cent and stabilized to plus xj per cent on bed rest and sedation 
The blood count showed 81 per cent hemoglobin, red blood cells 4 54 million, white blood cells 6,030 per 
cubic mm with a normal differential count The sternal marrow aspirauon revealed a total nucleated 
count of 540 000 per cubic mm with the following differential 

March iS Total nucleated count o^o 

Megakaryocytes ,52. 


Mseloblasts 
Mveloc) tes 
Myeloc} tes eos 
Nonseg 
Seg 

Seg eos 


X 4 per cent 
17 X per cent 
o 8 per cent 
XX o per cent 
8 8 per cent 
o 4 per cent 


Lj mphoc) tes 
Hematogones 
RcHcnlum cells 
Erythroblasts 
Normoblasts 


0 4 per cent 
5 X per cent 

1 X per cent 
I X per cent 

xy X per cent 


Peripbtral Blood Counts 



June 10 

June 11 

June 12 

June 13 

June IS 

j June 16 

Hemoglobin (per cent) 


88 

86 

lOI 

105 

105 

Red blood cells 


4 7 

4 75 

5 I 

5 5 

5 45 

White blood cells 

12.00 

950 

2-400 

x8oo 

5600 

11300 

Platelets 


300,000 

310,000 

310,000 

300,000 1 

310,000 

Polys nonsegmented (per cent) 


10 

IX 


14 


Polys segmented (per cent) 


X 

14 

14 

33 

41 

Polys cos (percent) 


1 

X 


I 

X 

Polys bas (percent) 


X 


X 

, 1 


Monocytes (per cent) 

10 

18 

6 

IX 

7 

5 

Lymphocytes (percent) 

90 

56 

66 

43 

38 

34 

Plasma cells (per cent) 





X 

X 

Myelocytes (per cent) 




6 

4 j 

X 

Reticulocytes (per cent) 

i 

0 5 

0 5 


0 5 



Sttrnal Marrow Studiis 



June 10 

June 11 

June 16 

White blood cells 

70,000 

0 

H 

473,000 

Megakaryocytes 

88 

13^ 

no 

Myeloblasts (per cent) 

4 ° 

3 6 

0 1 

Promyelocytes (per cent) 


61 6 


Myelocytes (per cent) 

34 0 


3 ^ 3 

Myelocytes cos (per cent) 

1 0 ! 


° 33 

Nonsegmented polys (per cent) 



40 0 

Segmented polys (per cent) 


1 

6 6 

Polys cos (per cent) 

X 8 

0 4 


Lymphocytes (per cent) 

xo 4 

7 6 

3 3 

Hematogones (per cent) 

7 8 

9 2- 

3 3 

Plasma cells (per cent) 

I 6 

I i 

0 33 

Rcnculum cells (per cent) 

I X 

0 8 


Erythroblasts (per cent) 


0 4 

0 66 

Normoblasts (per cent) 

X5 6 

14 8 

8 33 

Megakaryocytes (per cent) 

0 4 

0 4 


Megaloblasts (per cent) 



0 33 


6o 


PENICILIJN aKD agranulocytosis CAUSED BY THIOURAai. 


On March 14 o 2. grams of thiouraal was started fit e nmes dailv This dose was continued unul Apnl 
13 At this time the basal metabolic rate was plus 6 per cent, the heart rate 70 and she showed little 
evidence of h/perthjToidism except for tremor of the hands The dosage of thiouraal was then reduced 
to o X grams once a daj , and the patient was discharged much improved on April 30 with a white count 
of 5,350 per cubic mm and 73 per cent pol) morphonudear JeuLocj tes She was followed in the Out 
Patient Department and wecIJi blood counts were done The last blood count on Mai 31, showed 5 100 
white cells per cubic mm with 60 per cent poljinorphonudcar leiiLoci tes 

Five davs before her second admission to the hospital, which nns on June to, she dei eloped feier, 
cough, sore throat, and swollen gums Because of this she failed to keep her dime appomtment but 
stopped taking thiouraal She had up to then taken 39 x grams of thiouraal 01 er a period of ten weeks 
A local ph) sician gai e her 4 grams of sulfathiaaole and then i gram of sulfamerazinc On her second ad 
mission to the hospital she was acnteli ill and toxic with a diifnseli reddened throat and gums Her 
temperature ivas iox°F On the night of admission the white blood count was i 100 per cubic mm with 
a complete absence of poll morphonudear leukocvtes Penicillin therapi was begun immcdiateh 
160 000 umts were administered daih bi intramuscular injecaon The following morning she was worse, 
and auricular fibrillation was present She had a right basal pneumoma and a lellowish exudate oicr the 
tonsils and gums The temperature hoiered around I04°F for fi\e davs, while she continued to receive 
pcniaJJin daiJj transfiisions sad hrer extract On the sixth dai the temperature dropped to normal and 
she was dinicalli well The pcnphcral countgradualh returned to normal and the total nucleated count 
of the marrow approached the count of that before thiouraal was started although even at this time 
there was still a relative m)cloid increase 

Cast! M F a 58 V ear old white male was admitted to the hospital on Apnl 4 1944 with svmptoms 
of h3pctth) roidism and a histoc) of a basal metabolic rate of plus 58 per cent two weeks previouslp 
Ph) steal examination showed a hj'pcracrive male with tremor of the hands enlargement of the nght lobe 
of the th)TOid gland, and a sv stolic murmur over the prccordium The basal meubolic rates were plus 46 
per cent and plus 53 per cent The peripheral blood count was not remarkable On Apnl 14 thiouracil was 
started in a dosage of o 6 grams dailj OnMav4 the dose was reduced too x grams dailv At the time of 
discharge from the hospital, on Mav 14 he had gained to pounds in weight had no sjmptoms of Graves 
disease and showed a basal metabolic rate of minus 3 per cent The white blood cell count at that time 
was 7 isx> per cubic ram with 57 per cent ncutrophifes He conanued to take o 1 grams of thiouraal 
dailv but signs and s)'mptoms of hvperthvToidism recurred and he was readmitted to the hospital on 



Hgb 

RBC 

PUt 

IPBC 

Se? 

Nonseg 

Ljtd 

Mono 

E 


per cent 




per cent 

per cent 

per cent 

Per cent 

per cent 

June xo 

81 

4 38 


6,300 

45 

X 

44 

3 

3 

June X3 




4,000 

34 

3 

36 


3 

June 17 




3,700 

53 


44 

1 


Jul> 3 




1 ZOO 

XI 


72- 


X 

Julj 6 




1,600 

3 




I 

July 7 




I 600 

X 


97 



Jill) 8 




I 900 

I 


99 



J“1F5 

66 

3 6 

xio 000 

I 600 

I 


99 



Jal) 10 




1,900 

X 


99 



Julv II 

65 

3 37 

145 000 

1.35° 

I 


97 

I 

1 

Jal) 11 

68 



1,500 

I 


99 



July 13 




2. 000 

1 


99 



Jul> 14 

7i 

4 5 

iSojOOo 

r, 500 

4 


86 

10 


Jul) 15 




X, 100 

X 


94 

4 


Jul) 17 




3,000 

xo 

6 

72- 

X 


Julv 18 




3,300 

14 

5 

78 

3 
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Bmi Alarruut Studies 



Julj 8 

Jul> 9 

Jnlj 13 

White blood cells 

96,000 

1 

80,000 

Megakar) ocv tes 



0 

M)eIoblasts 

1 0 

1 2. ° 


Promv eloev tes 

0 4 

1 t 6 


Myeloc) tes neut 

0 4 

1 

36 0 

M) eloev tes cos 

0 8 

f 04 

' 0 1 

Nonsegmented 

0 8 i 

1 08 

0 8 

Prom) eloev tes eos 

0 4 


0 4 

L) mphoc) tes 

1 0 1 

4 4 

7 2. 

Hcmacogoncs 

58 8 

1 36 2. 

7 6 

Plasma cells 


1 I 2. 

0 8 

Reoculum cells 1 

1 

i 

0 4 

Mcgaloblasts 



0 4 

Er) throblasts I 

i 561 

6 8 

I 6 

Normoblasts 1 

x8 8 1 

56 X 

38 4 

Megakar) ocv tes j 


0 4 



June 13 with a basal metabolic rate of plus 45 per cent The phj steal examination was the same as on the 
first admission Thiouracil was continued at a dosage of o i grams dadj until Juh 3 At that time he 
de\ eloped leukopenia, low grade fever and a soreness of the neck The thiouraal was stopped OnJuU 
8 the temperature rose to 105°, the phar)T3T became red and swollen and a small ulceration of the 
posterior pillar was seen He was given 15 000 units of penicillin intramuscularl) even three hours 
The fever continued until Juh 14 and then fell to normal, and the redness of the pharvnx graduall) re 
ceded Penicillin was stopped on Julj 18 At this ume the patient appeared clinicalh well and the 
blood count was approaching normal Peripheral counts were as shown m preceding tabulation 


Case p A P , a 53 sear old Russian wnndow trimmer was admitted to the Mount Sinai Hospital on 
Jul) IX, 1944, with a histor) of palpitation diarrhea, and nervousness of six months duration In addi 
oon, there was some increase in appetite although there was a weight loss of 5 pounds The cvcballs 
were prominent, and occasional diplopia was noted The skin was warm and moist there wasa sjsrolic 
murmur at the apex and tremor of the extended hngers The patient was given o x grams of thiouracil 
three times a da) Before medication the basal metabolic rate was plus 64 per cent The blood count 
on Jul) 13 was as follows 

Hemoglobin 83 per cent Lvmphocvtes 33 per cent 

Red cells 4,5-0,000 Monoevtes 4 per cent 

White cells 8,550 


Pol)S nonsegmented 6 per cent 

Pol)s segmented 57 per cent 

The basal metabolic rate graduall) dropped to plus 1 9 per cent The blood counts w ere done at periodic 
intervals, and on the eleventh dav of August he was found to have a marked leukopenia and l)mpho- 
cytosis The drug was immediatel) discontinued and he was given penicillin beginning with 10000 
units ever) three hours, the dose being doubled in two davs following a tise m temperature The fever 
continued for seven more da) s He was desperatel) ill and finallv the white blood count began to increase 
and the temperature dropped to normal levels On August xi he developed a peritonsillar abscess which 
required inasion and drainage He finall) recovered from the agrannloc) tosis but the h)-perthv roidism 
was essentiall) unchanged 
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Pmpbtral BloiiJ Ctutits 


1 

1 

Aug 11 

Aug 12 

Aug 15 

Aug 16 

Aug 12 

Hemoglobin (per cent) 

68 

64 

80 

79 


Red blood cells 

4 3 

4 15 

4 4 

4 5 

5 5 

White blood cells 

450 

1.575 

1,400 

1,100 

3,100 

Platelets 

300,000 




140,000 

Polys nonsegmented (per cent) 





9 

Pol) s segmented fper cent} 

6 





Lymphocytes (per cent} 

88 

58 

59 

39 

61 

Monocytes (per cent} 

4 

' z 

I 

I 

II 

Plasma cells (per cent} 

1 






Bom Mjxrrow Sfudits 



1 

Aug 11 

Aug 14 

^ Aug 22 

White blood cells 

50,000 

45,000 

175,000 

Mcgakaf) oc) tes 

66 

44 

44 

Myeloblasts (per cent} 

1 0 


1 0 

Promyelocytes (per cent} 


° 5 

iz 7 

Myelocytes neut (percent} 



55 0 

Myelocytes cos (per cent} 



0 7 

Nonsegmented (per cent} 



10 0 

Polys neut (per cent} 

0 4 


I 0 

Ly mphocy tes (per cent) 

17 6 

3 5 

1 0 

Hematogones (per cent) 

6 8 

7 0 

Z 3 

Plasma cells (per cent) 

1 0 

5 5 

3 ° 

Reaculura cells (per cent) 

0 8 

1 0 

I 0 

Ery throblasts (per cent) 

0 8 

4 5 

° 3 

Normoblasts (per cent) 

65 r 

76 0 

10 0 

Megaloblasts (per cent) 


0 5 


Megakaryocytes (per cent) j 

0 4 j 

0 5 1 



DISCUSSION 

It IS important to note that thiouracil had been administered in each case for 
at least five to six weeks before symptoms of agranulocytosis developed In the 
first patient, although the amount of the drug was reduced after the fourth week, 
severe agranulocytosis nevertheless ensued Treatment was of no avail, and the 
patient succumbed to overwhelming toxemia, death taking place forty-eight hours 
after admission to the hospital and five days after the onset of the symptoms 
In case z the drug had been given for six weeks, discontinued, and later given for 
one week This pauent was in poor physical condition and died of cardiac failure 
The effectiveness of penicillin could therefore not be judged in this case Case 3 was 
somewhat similar in that the patient died of a toxic hepatitis before marrow re- 
generation took place Case 4 was almost moribund on admission In the remaining 
five cases recover) took place following penicillin thcrap) , although their condi- 
non on admission appeared just as desperate as that of the four fatal cases In 
these cases, penicillin therapj was started immediately upon the diagnosis of 
agranulocytosis 
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Penicillin appears co be the ideal drug to combat the to\emia and the bacterial 
in\asion that take place t\ith agranuloc} tosis following the use of thiouracil, 
sulfonamide, or other drugs In three of our patients, one or more of the sulfon- 
amides had been given before admission to the hospital, so that the possibilit} of a 
sensitiMt) reaction was present and therefore the administration of all such drugs 
w'as considered contraindicated While this paper was in preparation we had the 
opportunit) to obsene a patient, a phjsician, who developed agranulocj tosis 
following the use of aminop) rinc and cinchophen, sulfadiazine and sulfamerazine 
He w^as given penicillin therap) and made a rapid and une\entful reco^ery 
The question arises with thiouracil, as it docs with other drug thcrap) in which 
agranuloc} tosis takes place, as to wh) some patients develop sensituit} to the 
drug and others do not It has been known that a large percentage of patients with 
subacute bacterial endocarditis develop terminal agranuloc} tosis as a result of 
sulfonamide thcrap\ o\er a considerable period of time Asnvood suggests that the 
large dose of thiouracil gnen in his patient (2. grams daily for eight da}s) may 
have contributed to the dc\clopmcnt of the agranuloc} tosis This would suggest, 
as in our cases of subacute bacterial endocarditis, that the cumulatit c effect of the 
drug may cause the development of the scnsitivit} and the subsequent to\ic action 
on the bone marrow' It has been shown b} Jones® and by T}son’“ that the marrow 
in h}'pcrth}roid states is h}'perplastic, with marked activity of all the elements 
It is therefore unlikcl} that these patients had any decreased marrow ccllularity 
before the treatment was started In case 6, for example, sternal marrow studies 
were made at the beginning of the thcrap} and presented marked actn it} , with a 
total nucleated cell count of 540,000 per cubic mm This, according to our normal 
findings (Vogel, Erf, and Rosenthal),*' showed increased activity With the onset 
of agranuloc} tosis the first bone marrow' count was 70,000 per cubic mm , which 
in a normal person w'ould be considered only slightly low, but in this case repre- 
sented only about one seventh of the original count Examination of the sternal 
marrow after recovery revealed a total nucleated count of 475,000 per cubic mm and 
indicated a return to the normal cell count In addition, the presence of a high 
percentage of monocytes in the peripheral blood on the second day (2.8 per cent) 
indicated a good prognosis, although the total peripheral white count w'as only 
950 per cubic mm This was reflected in the marrow findings of 61 6 per cent pro- 
myeloc}tes on the same day The significance of monoc} tosis in the peripheral 
blood as a good prognostic sign in agranulocytosis has been emphasized previously 
by Rosenthal and Abel *® In case 5 the total nucleated count of the sternal marrow 
on admission to the hospital was 15,000 per cubic mm After recovery it 
was iio,oco Thus the marrow cellularity also fell to approximately one seventh 
of Its normal level The effect of thiouracil on the marrow in these eight cases, 
although variable, involves essentially the myeloid elements The erythroid 
elements and platelets are usually spared The myeloid cells at the height of the 
agranulocytosis may have almost entirely disappeared Plasma cells and reticulum 
cells, the latter often vacuolated, became very conspicuous in the smears More 
recently a case was described by Newcomb and Deane*’ in which thiourea given 
over a period of five weeks caused granulocytopenia and, in addition, marked 
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rhromboc} topenia The marro\s findings arc not mentioned In all our cases the 
platelets were rclativcl) undisturbed, although some shots cd a slight tcndcnc} to 
thrombocj topenia The marrow smears in some showed a relatitc increase m 
mcgakar}OC} tes In others the entire marrow maj be depleted, with the nucleated 
red cells and megakar) OC} tes affected, as seen in a h)'poplastic bone marrow 
In eases i and 2 . the nucleated red cells were not appreciabl) affected, but the mte- 
loid elements were replaced by reticulum cells, hcmatogoncs, l}'mphoc) tes, and 
plasma cells The latter were increased in the peripheral blood in the beginning of 
the recovery stage in ease 5 The presence of mj clocj tes in the marrow in normal 
or increased percentage offers the best prognosis in agranuloc) tosis and ma) pre- 
cede an increase in monocj tes b) one or two days (cases 6 and 7) In cases S and 9 
the marrow^ showed a relative increase in l}mphoc}tcs and nucleated red cells 
In ease 8 the hemoglobin, red cell count, and platelets dropped over a period of 
da)s, indicating that the drug might affect these elements at a later period It 
should be realized that while the blood and marrow maj show hematologic im- 
pro\ ernent, the patient maj nevertheless succumb to an overwhelming toxemia and 
hepatic damage 

In case g penicillin was given before an} clinical symptoms were evident, al- 
though hematologic evidence of agranuloc} tosis was present The patient had no 
feter, ulcerations, or an} evidence of toxemia Four da}s later the temperature 
rose, the phar} nx became reddened, and ulcerations developed in spite of an increase 
in the amount of penicillin administered (20,000 units ever} three hours) In fact, 
the patient developed a peritonsillar abscess which had to be evacuated during the 
height of the agranulocytosis Culture of this } lelded onl} B coli, which is penicil- 
lin-resistant This would indicate that the drug cannot prevent all bacterial 
grow th At present larger doses of penicillin, 30,000 units or more ever} three 
hours, w'ould seem advisable 

There has been an increasing number of reports in the past year on the use of 
thiouracil in th}TOtoxicosis The number of patients so treated has varied from 
31. to as man} as 174 patients in a recent report b} Williams and Qute “ Even 
in as large a senes as the latter authors studied, onl} two patients developed 
agranuloc} tosis, both of whom recovered after several da}s of serious illness 
In other reports'^ this complication is mentioned as a serious consideration, 
but most of the authors did not encounter this condition themselves Because 
of the small number of cases of agranuloc} tosis reported, man} ph}sicians feel 
relatixcl} secure in treating their patients with thiouracil 

While there is no question that under certain conditions thiouracil is an excellent 
drug to tide a patient over an acute episode of th}rotoxicosis, and especiall} m 
preparation for th} roidectom} , its cffectixcness is present onl} during its adminis- 
tration It cannot be considered as a medical cure, since it does not affect the 
basic difficult} of th}TOtoxicosis Furthermore, from our series of cases it would 
seem more dangerous than surve} of the literature would lead one to suppose 
At our hospital fift}-four cases have been treated with thiouracil, and of this 
series six cases of agranuloc; tosis hate dc; eloped This is approximate!} 11 per 
cent This does not include cases with mild or moderate leukopenia or with other 
complications The remaining patients reported in our series were treated by 
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Others and referred to us during the stage of agranulocytosis Our percentage of 
agranuloc) tosis is therefore much higher than that from other groups However, 
even e\cluding the patients who were referred to us in a state of agranulocytosis, 
our incidence of this serious complication is still above that of any other reported 
senes We cannot account for this discrepancy, since the dosage and the follow-up 
seem comparable One can predict that in the future there will be an increasing 
number of cases of agranuloc) tosis, since additional courses of this drug will be 
given as recurrence takes place and there will thus be an opportunity for more 
patients to become sensitized to the drug For this reason it would seem advisable 
at present to limit the use of the drug onl) to selected preoperative cases and those 
in which operation is contraindicated 

SUMMARY 

Thiouracil has been found to be an effective drug in the treatment of h) per- 
thyroidism Agranuloc} tosis following its use occurred in nine cases, four of which 
terminated fatall) In five others a complete and rapid recovery took place follow- 
ing penicillin therap) The latter drug is believed to be ideal for all cases of agranu- 
loc) tosis, and especiall) those in which chemotherap) has been used and may 
have been responsible for the condition Thus far we have not seen any report of 
an) untoward effect on the hemopoietic system from the use of penicillin 

The use of antibacterial agents for the treatment of agranulocytosis was sug- 
gested by Dameshek and Wolfson-' in 1941 It tvas believed by these authors that 
patients with agranuloc) tosis died not of the leukopenia per se but of the sepsis 
which developed secondarily to the lack of granulocytes Two very severe cases 
of aminopyrine agranulocytosis treated with sulfathiazole made complete re- 
coveries For the treatment of sulfonamide agranulocytosis, it was suggested that 
a preparation differing from that which had already been used be given With 
the discovery of penicillin, and its complete lack of possible deleterious effect on 
the bone marrow, its use was suggested by Dameshek*' (1944) A report on the 
beneficial effects of this medication in a case of sulfonamide agranulocytosis was 
later reported by Dameshek and Knowlton*® and similar cases by Sprague and 
Ferguson*® and by Meredith and Fmk **'* 

Since sulfonamides may cause further toxic effect on the bone marrow, we feel 
that their use should be avoided in the treatment of agranulocytosis, especially 
where a history of previous use is obtained We do not agree with others®* ®® 
who continue the use of sulfonamides in the treatment of leukopenia or agranulo- 
cytosis where these very drugs may have been responsible for the condition It 
would seem better judgment to use penicillin, which by combating the bacterial 
invasion of the body and the consequent toxemia enables the patient to survive 
until the bone marrow cells regenerate 
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DIFFERENTIATION OF PERNICIOUS ANEMIA AND CERTAIN OTHER 

MA.cRocinnc anemias by the distribution of red 

BLOOD CELL DIAMETERS 

Bt Geneva A Daland, S B , Clark W Heath, M D , and 
George R Minot, M D 

I T IS often difficult to distinguish between Addisonian pernicious anemia and 
other macrocy tic anemias that will not respond to the specific materials potent 
in pernicious anemia The purpose of this paper is to demonstrate some of the 
findings in a study of the distribution of red blood cell diameters that seem to be 
of help in making such a differentiation Demonstrable differences of cell diameters 
in \arious kinds of macrocjtic anemia will suggest fundamental differences of 
etiolog} and hence of treatment in such cases 

Mogensen ' has commented upon differences in the distribution of red blood cell 
diameters in macrocj tic anemias, comparing pernicious anemia with anemias 
refractory to liver thcrap) Such macrocytic anemias have been discussed as cases 
of refractory anemia b) Rhoads and Barker- and Bomford and Rhoads ’ A 
certain type of refractor) macrocytic anemia has been designated achrestic 
anemia by Israels and Wilkinson ■* Rhoads and Barker divided refractory 
anemia into primary and secondary groups In the primar) group, the anemia 
seemed to exist independently of an) other pathologic process In the secondary 
group, the anemia depended upon a recognizable cause, such as Hodgkin s disease, 
degenerative disease of the liver, tuberculosis of the bone marrow, or the like 
Bomford and Rhoads classified the bone marrows of refractor)' anemias into four 
major groups according to distinctive histologic characteristics It is often difficult 
clinically to separate these cases of refractor) macroc)tic anemia from those of 
pernicious anemia until a proper trial with a liver preparation has been made 
Pathologic processes upon which the manifestations of the secondary group de- 
pend may remain hidden during life The clinical features may resemble closely 
those of pernicious anemia, including glossitis and achlorhydria The histologic 
character of the bone marrow is often inconsistent with the blood findings, being 
aplastic, hypoplastic, hyperplastic, or sclerotic 

One feature that is apparently of value in distinguishmg refractory macro- 
cytic anemia from pernicious anemia is the Price-Jones curve In the former con- 
dition there appears to be frequently a smaller degree of anisocytosis of the red 
blood cells at a given red blood ccU level In order to confirm this impression, the 
diameters of the red blood cells in a group of cases with macrocytic anemia were 
measured by the Price-Jones method ‘ The cases studied included 35 of perni- 
cious anemia, 17 of refractory macrocytic anemia, 33 of macroc) tic anemia second- 
ary to a variety of causes, and 10 normal individuals (table i) The cases which 
were not pernicious anemia were selected particular!) with care (i} that the 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Sernces (Harvard), Boston 
City Hospital, and the Department of Mcdianc, Harvard Medical School 
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Table i — Summsrj of Ohserrattons en the Bleed* 


Case 


c 

Million 

per 

Cu Mm 


Hb 

r<n 


Mein 

Cell 

\ol 

(Cu m) 


Mean 

Cell 

Diam 

(m) 


o{ 

Diain 

(m) 


Coeff 
of Var 
of 

Btam 

(7c) 


Note* 


pE«KlClorS A^*EM1A 


1 , 

0 

41 

7 1 

105 

0 

8 

51 

1 

38 

16 

2 


2 

0 

,/ 

22 

140 

3 

8 

74 

1 

07 

12 

2 


3 : 
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• All patients were over 21 >eai8 of age The paUcnts with pcrmaous anemia all responded to liver Gastric analysis 
m the cases of pcrnlaous anemia showed no free hjdrochlonc acid in the group of refractory anemias free hjdrochlonc 
aad was present in cases 38 39 41 44 46 48 49 51 and absent in cases 36 37 47 50 52 
t Hemoglobin instrument is so standardized that 100 per cent “ IS 6 Gm 
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ANEMIA DIFTERENTIATION AND CELL DIAMETERS 


anemia be macrocjtic,* (l) that factors identifying n is quite different from 
pernicious anemia be clear, e g , as in hemol}Cic anemia, (3) that there be an 
absence of response of the blood to the administration of adequate amounts of 
Jner extract The cases of pernicious anemia were selected at random and all re- 
sponded satisfactorih to liver extract Most of these patients had received no liter 
or lix'er extract at the time the measurements of the red cells ttere first made, but 
a fett, as noted in table i, were receiving treatment and were in remission No 
obsertmtions were made during the rcticuloc) te response to liver extract 

The standard deviationf of the red blood cell diameters is a convenient measure 
of the degree of anisocytosis A certain variability iti the diameters of red blood 
cells from normal persons is alwa}s present, but the standard deiiition in the 
normal is usuall} not more than o 55 micron In severe anemia, the standard 
desiation of the red blood cell diameters may be as high as i 5 microns when the 
red blood cells are less than i,cco,oco per cubic millimeter The coefficient of 
xariationf is also a measure of anisocytosis and shows values of from 6 to S per 
cent in normal persons to about iS per cent in pernicious anemia The figures for 
standard deviation and the coefficient of variation are given for the individual 
cases in table 1 

The Price-Jones technic of measuring the diameter of red blood cells b} pro 
jcction was used, with the exception that smears of capillarj blood stained w'lth 
Wright s stain were employed instead of venous blood and Jenner stain Two diam- 
eters, maximum and minimum, of each of 500 cells were measured in ever) case 
The red blood cell counts and hemoglobin values were obtained on venous blood 
The hemoglobin was determined b} the Sahli method, with apparatus calibrated 
so that 15 6 grams of hemoglobin or 100 per cent wms equivalent to an oxjgen 
capaciti of 10 9 volumes per cent The mean corpuscular volume was determined by 
the Wintrobe method ® 

In figure i, the standard deviation of the red blood cell diameters has been 
plotted as abscissa against the red cell count as ordinate for each case The figure 
shows a rex'erse relationship benxeen the standard deviation and the red cell 
count for the whole group of cases When the red blood cell count was le:>s than 
2., 500,000 per cubic millimeter, the standard deviation served to separate with fair 
distinctness cases of pernicious anemia from the other cases At these levels all 
but 2. cases of pernicious anemia had standard deviations of more than o 9 micron 
The other cases of macroc) tic anemia showed standard deviations of less than o 9 
micron except in fi\e instances, in none of these was it more than o 95 micron In 
one of the cases of refractor) anemia (case 37) the standard deviation was o 94 
micron at a red cell let el of 7io,cco per cubic millimeter In one case of acute blood 

* No ca«c haMog a mean corpuscular \olunic of less than too cu micra was included with the 
exception of onls a fen cases in which the mean corpuscular diameter was dehnitel) increased This 
excluded quite a large group of refractors normocs tic or microcs nc anemias in sshich the etiolog) ssas 
unknown In 5 of the cases of pernicious anemia at high red cell les els the mean s olumes ss ere less than 
ICO cu micra but the mean diameters were increased 

f The standard desuation is the measure in microns of the dispersion of the diameters their range 
in sire and the was in sshich the numerical frequenaes of the different diameters are arranged 

J The coefficient of vanation is the standard dcsiation expressed as a percentage of the mean and 
forms a measure of the vanabilitr that is independent of the unit in which the measurements base 
been made 
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loss the standard detiation was o 92. micron at a red cell level of 940,000 per cubic 
millimeter Tt\o cases of nocturnal paroxjsmal hemoglobinuria® showed standard 
deviations of o 95 and o 92. micron at red cell levels of 1,900,000 and 2.,T5 o,oco per 
cubic millimeter respective!} In one case of agnogenic m}eloid metaplasia 
the standard de\iation is as o 93 micron ‘ The standard deviation of the red cell 
diameters in the miscellaneous group of patients was not significantly different 
from that for refractor} anemia, but was considerabl} loiser than that for perni- 
cious anemia 

In cases \Mth red blood cell counts that were greater than z,5oo,cco per cubic 
millimeter, the standard deviation did not reliabl} distinguish pernicious anemia 
from the other t\pes of macroc} tic anemia 

In figure i, it ma} be obseiA'ed that the degree of anisocytosis varied with the 
degree of anemia Average values for some of the observations in table i are given 

Table l — Dtfferenf 7j pes of lAacrocyttc Anemia At erage Values of Mean Cell Diameter and Standard Deviation 

at Varying Ked Cell Levels 
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M C D «=» mean cell diameter S D » standard deviation of diameter from the mean 


in table 2., with consideration of the different red cell levels These showed dis- 
tinctly higher values for the standard deviation in cases of pernicious anemia at 
red cell levels of 1,500,000 or less 

Figure 2. shows drawings of red blood cells, traced by projection as in the Price- 
Jones technic, in two severely anemic patients, one having pernicious anemia, the 
other refractory anemia Although the mean corpuscular volume and the 
mean corpuscular diameter in the i cases are approximately the same, the standard 
deviation in the case of pernicious anemia is much larger than in the case of re- 
fractory anemia From the drawings of the red blood cells, this difference in degree 
of anisocytosis can readily be seen The characteristic shapes of such curves have 
been commented upon by Price-Jones and by Mogensen The curve for pernicious 
anemia at low red blood cell levels has a very broad base and shows skewness with 
the longer slope to the left Such skewness signifies a relative predominance of 
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microa tcs o\cr nncroc\ tcs At the higher levels, the Price-Jones curve tends to be 
s\ mmctnc, hut occisiomlh there is slight skewness to the right In a well treated 
patient the Price-jones cune becomes normal 
Table 3 shows the frequenct with which skewness to the left m the Price-jones 
curae occurred at red blood cell leads of less than 3,000,000 per cubic millimeter 
in Addisonian pernicious anemia ind the other cases of maeroc) tic anemia Several 
methods of quantitating the degree of skeaaness maa be emplojed — for example, 
determination of the mean-mode* difference, aahich aaill be zero in normal curves, 
ncgatiaein skeaacd curaes aairh longer slope to the left, and positive in skeaved 
curaes aa ith longer slope to the riqht The mathematical anal) sis of skeavness docs 
not seem to be more adaantageous than the results of simple inspection, 
aahich is sulhcicntla accurate for clinical purposes 

The important diagnostic information to he gained in stud) mg the distribution 
curaes of the red blood cell diameters in pernicious anemia appears to be dcriamd 
from the folloaaing factors ''1'^ the degree of anisoc) tosis as rea ealed by the stand- 
ard deaiation or coclhcicnt of a ariation, (a.) the presence or absence of skeavness 
of the curae aaith the longer slope to the left, and (3) the relation of these factors 


Tm)LE 3 — Prat’ I er Unti i of Shu Diilrtbiitioii Cunts of Ktd Blood Ctll Dsamtttrs sn Dtjfmnt T^pts 
of Ma'rocMic Iitr/t nth Ptd Bhod Count of Less than j 000 000 ptr Cubs: Mtlltmtltr 


T\ pc of Anemia 1 

1 

\o Ca Ca 
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to the lead of the red blood cell count Other relationships have been studied, but 
require onl) brief mention The standard deviation amnes avith the hemoglobin 
in the same manner as it does for the red blood cell count In cases with less than 
about 40 per cent hemoglobin, the standard deviation serves as an aid in dif- 
ferentiating bctaa'cen pernicious anemia and the other macrocytic anemias Mean 
diameter and mean a'olumc of the red blood corpuscles at given levels do not 
distinguish pernicious anemia from the other macrocytic anemias There is, 
moreover, only little relation between the mean diameter and the standard e 
viation of the red blood cell diameters in all the cases under consideration The 
comparison of these two factors did not serve in any way to distinguish pernicious 
anemia from the other cases of macrocytic anemia The same may be said in regar 
to comparison between the mean corpuscular volume and the standard eviatio 
The relative numbers of macrocytes and microcytes in a given preparation ot 
blood, or the degree of anisocytosis, have been ascertained by various met o s 
These values provided no information of diagnostic help additiona to 
tamed through the use of the standard deviation 

* The arithmetic mean of the cell diameters is the average of the diameters as determined on 500 cells, 
expressed in micra 
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Certain unusual n-pes of macrocttic anemia responding to Ii\cr mas be ex- 
ceptions to the findings above Those most commonl) encountered in this countr) 
arc the macroc) tic anemia of pregnane) , sprue, and nutritional anemias, such as 
those associated with pellagra On the other hand, such eases do not usually 
present the difficulties in diagnosis encountered bctxx'ccn Addisonian pernicious 
anemia and certain macroc) tic anemias refractor) to specific thcrap) 

Three eases of macroc) tic anemia accompan) ing pregnane) and responding to 
lixcr therapy have been studied by the present methods The red blood cell let els 
and standard deviations of the red blood cell diameters in these eases xxerc, re- 
spectnel) ease i, R B C 860,000, standard dcsiation 077, ease z* RBC 
i,2.6o,oco, standard deviation 086, ease 3, R B C 895,000, standard dexiation 
o 86 Here, it will be recognized, the anemia was severe, )ct the degrees of ani- 
soc) tosis as shown b) standard deviations were rclativcl) small The Price-Jones 
curses in the first z eases xvcrc symmetric, in the third ease, the cunc xxas slightly 
skewed, xxuth the long slope to the right 

Although macroc) tic anemia is common in sprue, the literature suggests that 
the Pncc-Joncs curves in this condition arc often dissimilar in man) respects to 
those in Addisonian pernicious anemia Thus Fairic) , Ivlackie, and Billimoria,'" 
XX ho anal) zed 67 cases of sprue, state Anisocytosis was the one outstanding 
feature cspcciall) as regarding increase in size Microcytes xxcrc much less in 
evidence than the larger forms Poikiloc) tosis and pol) chromasia occur, but 
to nothing like the degree observed in pernicious anenua Examination of the 
Pricc-Joncs curves of the eases reported b) these authors reveals relattvel) s)m- 
metne curx'cs with little tendency to skexvncss The standard dexuation was o 93 
micron or more in 5 of 7 cases in which the red cell count xvas 2.,50o,oco per cubic 
millimeter or less Nexx'ham, Morris, and Manson-Bahr" report similar findings 
Little is knoxxn of the distribution of red blood cell diameters in other macro- 
c) tic anemias associated xvith nutritional dcficicnc) The anemia of nontropical 
sprue or of idiopathic steatorrhea is variable and often associated xvith iron dc- 
ficicnc) Rather marked increase of anisoc) tosis ma) be present, but the Pncc- 
Joncs curx'cs in the fexv eases reported' suggest certain differences from pernicious 
anemia, notabl) lack of the skewness with large left component 

CONCLUSIONS 

I Bcloxx' the lex cl of about z, 500,000 red blood cells per cubic millimeter, the 
degree of anisoc) tosis as rcx'calcd b) the standard deviation and the coefficient of 
xanation of the red cell diameters scrx'cs as a fairl) accurate criterion for distin- 
guishing Addisonian pernicious anemia from man) other t)'pcs of macroc)tic 
anemia 

z Bcloxx the level of 3,000,000 red blood cells per cubic millimeter, the asym- 
metric skcxxncss of the distribution curve of the red cell diameters in pernicious 
anemia is an aid in distinguishing these eases from certain other t) pcs of macro- 
c)'tic anemia 

* This ease has been reported b\ W arson and Castle * 
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THE DIAGNOSIS OF HODGKINS DISEASE BY ASPIRATION BIOPSY 
Lucii^ Losek£, AI D , ant? Lloyd F Cra\^r, M D 

B iopsy B) means of aspiration through a needle has become at Memorial 
Hospital an indispensable method of obtaining tissue for microscopic di- 
agnosis The technic is not\ well established, and the method has been repeated!) 
described Admittedl) , skill in performing aspiration biops) and in interpreting 
the tissue so obtained cannot readil) be acquired e\ccpt in centers in t\hich con- 
siderable numbers of cases of neoplastic disease are treated, and in Tihich the 
pathologists viill take the trouble to familiarize themseh cs with the appearance of 
the material derived from various tumors b) aspiration It ma) be emphasized 
again that aspiration biops) , as its name implies, is a method of aspiration of 
tissue through a hollow needle and is not a punch biops) 

During the period of development of aspiration biops) at Memorial Hospital, 
there \sas at first little or no attempt to appl) it to the diagnosis of the l)mph- 
omatous tumors, as it \sas belie\ed that it would seldom be reliable in that field, 
in which histologic diagnosis is so notoriousl} uncertain even with the benefit 
of has mg unimpeachable whole node sections How ever, in recent ) ears a number 
of cases has accumulated in which it has been shosvn that a diagnosis of l}mpho- 
sarcoma or Hodgkin s disease can be reliabl} made on material obtained b) aspira- 
tion The immediate smear is seldom sufficient for a diagnosis of Hodgkin s disease 
In nearh all cases the diagnosis rests on a paraffin section of the blood clot 

The purpose of this paper is to report the experience of five preceding )ears 
(1940-19-14), and also in cases at present in the acme files of Memorial Hospital, 
in establishing the diagnosis of Hodgkin s disease and related diseases b) means of 
aspiration biops\ 

There are \ arious conditions in Hodgkin s disease that ma) make it either 
impossible or undesirable to obtain conventional surgical Ijmph node biopsies 
The patient mat not present ani significant!} enlarged accessible peripheral nodes, 
while he ma\ at the same time ha\c an enlarged spleen or an infiltration in the 
lung Enlarged peripheral nodes ma} be present, but forming one confluent mass, 
from which it would appear unwise to excise a wedge The onl} accessible node 
ma\ be in a location — e g , directh on the spinal accessor} nen e — that renders 
excisional biopsi hazardous, or it ma} lie so close to the th}TOid that it simulates 
th\ raid cancer One case not included in this series, because proof of diagnosis 
had prei loush been made b\ formal node biops} , presented a periurethral mass, 
felt through the vaginal wall, that simulated urethral carcinoma In one of the 
cases in this series a prestemal tumor was at first thought to be a sternal chondroma 
Since a sound basis for rational treatment of neoplastic disease can be assured 
onh b\ exact knowledge of its histolog}, the management of such cases as those 
just mentioned would be handicapped b} much uncertaint) on the part of the 
therapist, if it were not possible to obtain earh in their course a proof of the 

From the Memorial Hospital for the Treatment of Cancer and Mhcd Diseases, Veu "iorL 
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diagnosis The so-called therapeutic test of diagnosis by irradiation is not to be 
trusted 


METHOD 

Aspiration biopsy is a method of aspirating tissue into the bore of a 
hollow needle As de\ eloped and practiced at Memorial Hospital, this method has 
certain orderly steps 

I The site within the tumor into which the point of the aspirating needle is 
to be inserted, is accurately localized 

L The overlying skin is prepared by shaving if necessary , and with iodine and 
alcohol 

3 A wheal at the site in the overlying skin selected as the appropriate place for 
introduction of the needle, is anesthetized with i per cent novocain 

4 A tiny incision is made clear through the skin with a no ii Bard-Parker 
bistoury, so that elastic fibers of the skin will exert no drag on the needle 

5 An 1 8-gage needle accurately fitted with a stilet, and having a rather short 
bevel, IS carefully introduced through the incision in the anesthetized skin until 
the point of the needle reaches the desired site within the tumor 

6 The stilet is removed and a zo cc Record sy nnge is attached to the needle 
The piston is then drawn back so as to create a strong negative pressure within 
the needle-syringe sy'stem While this negative pressure is maintained, the needle 
IS slightly advanced and withdrawn a few times, sometimes with rotation If 
negative pressure is partially lost by leakage, the syringe is detached and the air is 
expelled from it, then it is reattached and negative pressure is again produced 

When soft tumors are being aspirated, from o 5 to 3 o cc of bloody material 
may be sucked into the syringe Firm or hard tumors may yield only a tiny bit of 
tissue, found within the bore of the needle Occasionally nothing significant will be 
obtained, and the procedure may have to be repeated, if possible 

7 The pressure within the syringe is allowed to become nearly normal, so that 
when the needle is withdrawn there will be no spattering of blood and tissue 
inside the syringe, and the needle is then withdrawn 

8 Any material collected within the syringe is allowed to clot if it will The 
clot IS removed, placed on a small square of blotting paper, and then dropped into 
a small biopsy bottle containing 10 per cent formalin The clot is run through 
paraffin like any tissue biopsy, and sectioned 

9 Material in the needle is pushed out by means of the stilet and blown onto 
slides, other fragments may be found inside the syringe walls or on the face of the 
piston This material is firmly crushed and smeared between slides and is quickly 
stained with hematoxylin and eosin This is known as the immediate smear 

10 The procedure used when a tumor within the chest is aspirated does not 
differ essentially from that described above 

Naturally great care must be used — Brst, in accurate localization of the rumor 
by means of straight postero-anterior and straight lateral roentgen films, second, 
in fluoroscopic check of the position of the point of the needle, third, in avoidance 
of trauma to the lung, fourth, in avoidance of any reflux or injection of tumor ma- 
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tcrial or air into the lung or into a blood %csscl, fifth, in keeping the patient 
horizontal during the procedure, and lerv quiet for some hours afterward 
Currenth at Memorial Hospital a considerabl) greater number of intrapulmo 
nan malignant tumors are Melding microscopic diagnoses as a result of aspiration 
biopst than ba means of bronchoscopic biops) , though the latter procedure is 
ahvais gnen precedence unless it would obviouslj be useless 

MATERIAL 

A tabular re\iew' of the method and site of biops) in 142. cases of 
pro\ed Hodgkin s disease, 12.1 of them seen in the jears from 1940 through 19^4, 
and III now in the active files of the hospital, is presented in table i 
Of the 141 cases ret lewed, open biopsy was the method used in 12.8, and cer\ ical 
nodes were the t)^^ most often remosed 

Aspiration biops} established the diagnosis in 14 cases, or in about i case in 17 
In addition to these 14 cases in w hich the diagnosis was made bj aspiration biops) , 


Table i — “f Biopjits PerfermtJ 


^ car 

! Formal Surgical Bio 

1 

Cer\ical Nodes AxiUarj Nodes 

j Inguinal Nodes 

i 

Miscellanetms 

1 

Aroiration 

Biopsj 

Total 


^5 

6 

1 

I 

3 

36 


^5 

4 

2 . 

0 

0 

31 

194 L ‘ 

^3 

3 

0 


0 

16 

1943 

1 ^5 

I 

0 

1 

0 

I 

17 

1944 

5 

3 

I 

0 

1 

II 

Acnre 

1 91 

13 

■ 1 

I 

8 

111 

Total 

1 1S5 

30 

11 

=• 




* This group includes i case in which biopsy was obtained at Japarotom) and i case in t\ hich 
thoracotomi Mas performed 


II other cases were found in which for one reason or another aspiration biops} 
had been tried first but had failed to )ield satisfactor)' or sufficient material, and a 
subsequent formal biopsj had been required Thus, of 15 cases in which for some 
reason aspiration biopss was chosen as the first biops) method, it succeeded in 14, 
or 56 per cent, and failed in ii, or 44 per cent Failure of aspiration biops) , unlike 
failure of a formal biops) , does not mean leaving the patient with the scar of a 
useless operation 

Among the ii cases in which aspiration biopsj was unsuccessful, the reports 
in 5 showed a finding of hmphoid tissue, in 2. the reports suggested tuberculosis 
or Hodgkin s disease, in i a suggestion of lymphosarcoma was made, in 
1 Hodgkin s disease was suspected, but open biops) to confirm the suggestion was 
requested, and in i an insufficient amount of material was reported In some in- 
stances such reports have helped at least to make the examiner seer awa^ from a 
prcMOUsh considered diagnosis of carcinoma 

Among the 14 cases in which aspiration biopsj was successful in diagnosing 
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Hodgkin s disease, there were 9 m which the procedure was applied to enlarged 
peripheral nodes that were considered not casil> amenable to open biopsy The 
proMSional diagnoses before aspiration biopsj in these 9 cases are shown in table 
z 

In I case a presternal nodule, at first believed to be a chondroma, was punctured 
for aspiration 

The remaining 4 cases among the 14 with successful aspiration biopsies 
for Hodgkin s disease did not have accessible nodes or masses suitable for surgical 
biopsy Two presented pulmonar} infiltration suspected of representing broncho- 
genic carcinoma In one of these, bronchoscop\ was negatne, and in the other 
the patient would not cooperate to permit bronchoscop) to be accomplished 
In the third case the onlj finding was a mass projecting into the left lung field, 
in a patient with constitutional S)mptoms suggesme of Hodgkin s disease In 
the fourth patient, there was no peripheral 1) mphadenopath) , but the liver and 
spleen were considcrabl) enlarged and the symptoms suggested Hodgkin s disease 
In this case splenic puncture was performed 


Tadle 2. — Frovtitanal Diagnoses sn <j Casts Presentsng Enlarged Peripheral Nodes, m Which Aspiration 
Biopsy Prosed the Presence of Hodgksn s Disease 


ProMSional Duiffnosis 1 

\ \o Cases 

j 

Hodgkin s disease 

I 

Lvmphoma (unspeafied) 

3 

Lymphosarcoma 

1 

Tuberculous h mphadenitis I 

I 

Metastatic carcinoma 


Carcinoma of thvroid | 

I 


The case histones of the a patients who had no peripheral nodes are presented 
herewith 

Cases H M , male a naval lieutenant agedijjears was admitted Mar 31 1941. 

The historj included cough for three months, hemopt) sis for one month loss of from lo to 15 pounds 
in two months The examination showed infiltration in the anterior part of the left upper lobe of the 
lung, clinically consistent with tuberculosis bronchogenic carcinoma, or Hodgkm s disease there were 
no enlarged peripheral nodes The sputum was negatne Bronchoscops performed Apr i 1942. gave a 
negative finding 

In the aspiration biopsy of the lung Apr 8 1942., the immediate smear yielded insufficient tissue 
there were some cells suggesting carcinoma The clot shossed Hodgkin s disease C&g i) 

Cases M D male a longshoreman, aged 62. years, was admitted July 2.7 1943 

The history showed productive cough for nso years and increasingly severe A diagnosis of tumor 
of the left lung was made by a local physician after roentgenography of the chest in April 1943 Pleural ef- 
fusion then developed, and z thoracenteses had been performed before admission The patient had lost 
14 pounds in three months The examination revealed cmaaation moderate hepatomegaly a left pleural 
effusion obscuring the lung, moderate normochromic anemia and polymorphonuclear leukocytosis 
(14 zoo white blood cells, 88 per cent polynuclears) There were enlarged peripheral nodes 

Thoracentesis was performed Sept 4 1943 Roentgen examination then disclosed rounded density in 
the right hilar region and fairly well defined density in the left hilum, extendmg into the parenchyma 
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ASPIRATION BIOPST AND DIAGNOSIS OF HODGKIN S DISEASE 



Flo I Ca«E I 

Scaion of clot obtained from infiltrated portion of left upper lobe of lung b) aspiration biopsj Diag 
nosis of Hodgkin s disease made bi means of this section confirmed clinicall) b) subsequent course 
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Fig i_ Case 4 

\ \spiration biopsr from spleen before anv nodes were asailabic showing Hodgkin s disease 
B Section of wirgical biopss from axillart It mph node ttvo months later confirming diagnosis obtained 
bt spleen biops' 
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of the lung Bronchoscopt was attempted but was unsuccessful because of poor cooperation on the part 
of the weak patient 

In the aspiration biopss of the left lung, the smear showed hmphoid tissue The clot 
showed Hodgkin s disease 

B\ Sept 30, 1943, the spleen had become palpable, and a left infraclasicular node and axillar) nodes 
had become significanth enlarged The enlarged left infraclas icular node s\ as then excised and its anal) sis 
confirmed the diagnosis of Hodgkin s disease 

Gts( } A H , female a npist, aged 40 ) cars, was admitted Aug 15 1944 

According to the histors the onset of her illness had occurred ten months before with severe upper 
respirator) infection followed bi persistent cough productisc of white sputum Two months later, 
persistent general itching dc\ eloped Increased fatignabilits and d)spnea on exertion appeared shortl) 
before admission Examination showed a mass 9 cm in diameter projecting from the left hilum into the 
lung and slight widening of the mediastinum Moderate normochromic anemia and poh morphonuclcar 
leukocstosis were found No nodes were asailablc for biopss 

Aspiration biops) of the left lung mass was made Sept 7 1945 The smear suggested carcinoma The 
clot findings sscrc consistent with those in Hodgkin sdisease 

Irradiation as for Hodgkin s disease produced marked, prompt regression 

Cast a S L , male a tomato packer aged 36 scars, was admitted Mas .9, 1944 
Thchistors placed the onset of illness at tsvoscars before ssith general sescrc itching Therchadbeen 
a ss eight loss of from 33 to 40 pounds oscr tsso )cars and night ssveats and intermittent feser for one 
)ear D)spnca and sshcezing had appeared In the examination ssidcsprcad cxconation of the skin from 
scratching, emaciation and an appearance of chronic illness sscre found The spleen ssas enlarged to the 
lesel of the iliac crest The liser ssas enlarged bs tsso fingers breadth bcloss the right costal border 
There ssas roentgenographic esidence of some ssidening of the superior mediastinum and of hilar in 
filtration Moderate anemia ssas present No peripheral nodes sscre suitable for biopss 

Aspiration biops) of the spleen ssas made June a8, 1944 The smear gase esidence consistent ssith 
the critena for Hodgkin s disease The clot shossed Hodgkin s disease 

On Aug 18, 1944, an enlarged node ssas found in the left axilla Formal biopss of this node con 
firmed the diagnosis of Hodgkin s disease 


SUMMARY 

I Among 141 cases of histologically proved Hodgkin s disease treated at Memo- 
rial Hospital for the most part xvithin the past five jears, the diagnosis was estab- 
lished by open biopsy in 2J-8, while in 14 cases aspiration biopsy yielded a reliable 
diagnosis 

z In the 14 cases of Hodgkin s disease in which the diagnosis was made by ex- 
amination of the sectioned clot obtained by aspiration biopsy , the material was 
from lymph nodes in 9 cases, from a prcstcrnal nodule in i case, from the lung in 3 
cases, and from the spleen in i case 

3 Among the zz8 cases in which formal biopsy was used to prove the diagnosis, 
aspiration biopsy had been previously attempted but had been unsuccessful in ii 
cases 

Thus in Z5 cases of the total number of Z4Z, aspiration biopsy had been selected 
for good reason as the first method to try, and was diagnostically successful in 56 
per cent of the group 


CONCLUSIONS 

In cases of Hodgkin s disease without enlarged peripheral lymph nodes, yet pre- 
senting nodes or masses accessible to needle puncture, the method of aspiration 
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biops} has often proved successful in establishing the diagnosis Success depends in 
large measure on examination of a sectioned blood clot from the aspirated tissue 
b) an experienced pathologist 
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EDITORIAL 


T he ancients t ere fascinated by the blood To it were ascribed many magical 
attributes It became the focus of many ritual practices, the fundamental 
basis of racial differences, the crux of life itself 

With the in\ention of the microscope, nvo types of blood cells were at first 
revealed, and later a third — the platelet Applying to the blood the amlinc dyes 
newl) developed in his time, Paul Ehrlich then transformed the research from the 
difficult art of peeping at fresh, unstained blood cells to one in which several kinds 
of beautiful]} colored objects could be gazed at unhurriedly This allowed continued 
stud} and the separation of one cell from the other, because of this achievement 
alone, Ehrlich has often been considered the father of hematology Study of the 
blood cells and their often minute variations proved fascinating, perhaps undul} 
so in some instances In central Europe chiefly, there was so much preoccupation 
with the minutiae of cellular structure, transition forms, modes of cellular de- 
velopment, etc , that the forest could hardly be seen for the trees Long-winded 
polemical articles — notabl} those b} Pappenheim, who founded Folta Hae/nato- 
logtca — made hematology a jousting ground in which almost fanatical wars were 
fought benveen monoph} Ictists, dualists, and exponents of the pol}T3hy]etic school 
of blood cell development The simple in blood became the complex, and for 
most ph} sicians hematology became a dead subject, characterized b} many Greek 
names and of only small practical importance 
The discover}", by the American investigators, Ivlinot and Whipple, of the 
value of liver in pernicious anemia, came like a fresh breeze into a long-stagnant 
area Not alone could a previously fatal disease now be quickly cured, but new 
yardsticks, such as the reticulocyte count, could be applied to assay the effects of 
therapy Thus the dynamic or ph} siopathologic method of approach became in 
this instance as important as the purely histologic, and soon led to a host of in- 
vestigations along physiologic, chemical, and biologic lines As a result, the 
facts of the essential physiopathologic disturbances in pernicious anemia were 
worked out, together with the determination of the more fundamental importance 
of the disease as one of a group of deficiency syndromes A quick transformation in 
hematologic thought soon became evident 

Hematology in central Europe lagged somewhat behind in this revolution, 
with much of the newer work coming to light in this country Thus Naegeli, the 
late pope of hematology, reacted so violently to this American method for 
treating pernicious anemia that he conducted a poll of European hematologists 
regarding their reactions to it, and on the basis of this proved that liver had no 
value in the treatment of pernicious anemia 

The dynamic approach to studies of the blood and the blood-forming organs has 
led to many important discoveries Among these — to cite but a few — are Castle s 
discovery of the lack of a proteolytic enzyme in the gastric juice of patients with 
pernicious anemia, the importance of an adequate amount of iron in the therapy 
of chronic iron deficiency states, the interrelationships between pernicious anemia, 
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certain \itamin B dcficicac\ states, and sprue, the importance of Mtamin Kin 
h>'poprothrombinemia, the concept of hcmohtic anemia as an actne process due 
to certain hemol^ zing agents such as hemol} sins, agglutinins, the spleen itself, 
etc , the Rh factor and its relationship to hemoh tic disease of the nets born and to 
transfusion reactions, the importance of blood and blood substitutes in the therap\ 
of shock, etc 

One must confess ho^^e^er, that in some quarters the great emphasis laid upon 
the d-ynamic has led to almost complete neglect of the morphologic approach 
I know of one laboratorv , for c\amplc, where e\amination of a blood smear or of a 
sternal puncture preparation is looked upon almost disdainfulh This is reaction 
carried to the opposite extreme The morphologic maj give hints and c\en definite 
evidence of the ph}siologic thus the spheroev tc is indicatne of a red cell that 
has been injured b} a hemoh tic agent, the orthochromatic macroc\ te usualh 
means a deficicnrv in liver extract principle, pancytopenia often indicates a bone 
marrow disturbance or a splenic dysfunction, etc Those who wish to be well 
\ersed in the study of the blood should thus hasc a thorough knowledge of mor- 
phologi as well as of the more modem concepts of dinamic medicine This idea 
tan perhaps be best exemplified in the well informed climcian To be sure, in some 
quarters the hematologist is the hospital pathologist, in others he is the trans- 
fusionist , in still others, the clinical pathologist, the anatomist, etc To our way 
of thinking, howc\cr, a thorough grounding in the field of internal medicine, 
together with a thorough knowledge of morphology and physiopatholog\ , 
should make the complete hematologist Itishighl\ probable that no single method 
of looking at the blood is sufficient in itself, and that hematology is a broad field 
with morphologic, clinical, physiologic, biochemical, and immunologic re- 
lationships 

Studies dealing with the blood and the blood-forming organs have preiioush 
been published in numerous unrelated journals To the difficulties of presenting 
such data in publications of a i aried general range, there has been added in recent 
\ears the isolation or e\en literal extinction of leading European periodicals A 
journal making current hematologic material si stematically axailable through 
one central source has become an actual necessity Such a journal in the Western 
Hemisphere will therefore proiide not only a clearinghouse designed expressh to 
answer the needs of a major professional group, but also a single vehicle assuring 
continuin in reporting on advances as they arc made Like its name. Blood, ms 
hoped that the new journal will have unixcrsal interest, and thus perhaps sene 
as a small factor in fostering better international understanding 

William Dameshek 
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HEMATOPOIETIC TISSUES 

OLI\ ER. P JOVES, Ph D 

The Determination of the Formation of the Histioc} tan Cells, The Role of Cholin Af Ciicremont J 
Morphol -6 139-55, *935 

The importance of the role which histiocstes and macrophages plas in the defense reaction of the 
organism cannot be oseremphasized There is ample esidencc that in order to meet certain of these de- 
mands histiocv tic cells mat be dented from setcral sources tiz itraphoevees hbroettes connectitc 
tissue, and skeletal muscle In this respect it is of interest to recall the original m tito technic det eloped 
bt Kolouch CAm J Path ij ^13, 1939) for the simultaneous demonstration of histogenous and henu- 
togeneous cellular elements during the process of inflammation In the present paper Chet remont reported 
results from the obscrtations of seteral thousand tissue cultures which indicate that cholin determines 
the transformation of tarious cells into the histioct tar) state He belietes such a c) tochetmeal reaction 
mat occur under normal conditions as well as the pathologic conditions of contusion, inflammaaon and 
tarious degeneratite processes Leukoettes tna) indirectl) fat or the production of cholin bt secreting 
an enz) me which can ht droit 2e lecithin — O P J 

The Poltmorphonuclear Cell and Its Occurrence Within the Lar)-n\ of the Car B F Kjnpbur} Anat 
Rec ja. 169-Si, 1945 

For quite a few ) ears Bunting s t lew s regarding the absence of neutrophil leukoc) tes from normal 
connectitc tissue — except bone marrow — hate been accepted The obsertations made b) kingsbnry ona 
senes of 11 fetal and newl) born cats indicate concrat) findings He found areas of ectopic granulopoiesis 
in the art epiglottic and th) roan tenoid folds, and suggests that such areas mat perhaps be found in other 
mammals — O P J 

The Normal Myelogram in Albino Rats R AI EnJicott and M Ott Anat Rec jz. 61-70, 1943 

For the purpose of controlling intcstigations of certain experimental blood dwscrasias Ehdicott and 
Ott studied the pcnphcral blood and marrow obtained from 33 normal rats Femoral marrow was fonnd 
to be represen tante of the general marrow partem throughour the bodt These authors dctcrimned the 
amount of actit c marrow elements b) means of a special projection apparatus and found it to be from 8i 
to 87 per cent Smears of marrow cells were studied hy diluting aspirated marrow with plasma ^Endicoct 
Stain Tech ac 15, 1945) The usual detailed classificauon of marrow cells was found to be neither de- 
sirable nor accurate, since the rates of nuclear and cy coplistnic maturation arc not parallel This observa- 
tion IS not unique for the rat since an as)nchronisra in the maturation of Iculcocytcs is one of the out- 
standing defects in certain leukemias m man Sundberg and Doivne) (Am J Anat 7c 455 1941-) also 
observed an asynchronism in the dcsclopmcnc of normal guinea pig marrow cells In order toobMatesome 
of these difficulties, Endicott and Occ used the [ollosvtag simplified classification of marrow cells, which 
has six categories \iz (i) neutrophilic granuloc) tes — fa) older forms Cmecamyelocytcs and segmenters) 
and (b) ) onngcr forms (ptomy clocyccs and luyclocytcsyt (z) cosioophiiic gninulocytcSj (3^ red cell senes, 
C45 Ijmphocj tes, (5) blasts, and ( 6 ) other cells The m)clogram for rats less than sixty days old is pre- 
dofflinantl) erj thropoictic, whereas older rats have more granuIoc) copoiesis This reversal m tbcmyc- 
loid-cT) throid ratio takes place between the third and ninth weeks These authors propose to use an 
index dented from the product of the mean percentage of cells and the amount of active marrow as a 
base line for future studies of hypo- and h)’perccllalar marrows This qnanntative approach to marrow 
activity docs not take into consideration cell size, micocic activit) , or the rate of delivery of marrow cells 
to the pcnpheral blood — O P J 
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\ Note oa the Rclitiveh High Number of Argeaaffia Cells in the Mucosi of the Humin Stonuch 
U' Sbarflrsi Anat Rec jr -37“-P- 1943 

Some scars ago the thcors regarding the site of formation of Castle s intrinsic factor ssas based on 
Mculcngracht s expenments ssith hogs gastric mneosa Subsequent investigations on the argeatafSn 
cell in permaous anemia bs Jacobson (J Path Bact r 1939) seemed to sjppm this theon However 
Fox and Castle (Am J M Sc *03 iS 1943.J demonstrated the futilits of appis mg ideas and concepts 
obtained from other animals to the human being Thes showed that sshcrcas the fundic pmion of th* 
hog stomach ssas not the source of inmnsic factor the corresponding region of the human stomach had 
more of this factor than either the cardiac or the ps lone region In the present paper Sharplcss us d a 
slight modificanon of Bodian s protargol technic which svas onginalls used bv Dawson for similar stud 
ICS on laboraton animals The results indicate that this ness method is far superiO" to others Sharpless 
found rclatiscls large numbers of argentaffin cells in the fundic glands Although the autho did not 
mention It this finding is sen interesting since if these cells have ans thmg to do snth the elaboration 
of intrinsic factor it agrees ssith the ssorh of Fox and Castle and coincides ssith the area of degeneration 
seen in histologic preparations of stomachs from patients svith pernicious anemia — O P J 

ANEMIA 

STE\^ O SCHWARTZ, M D 
JOSEPH F ROSS M D 

Iron Deficient) Anaemia in North ssest Indian Soldiers Mantn Hjnts Mebammid Isbjj ondT L Mtmi 
Bnt M J r 1945 

In the reported studs approximatels i 400 nause Indians were used Tsvo thirds of the men had less 
than Ingrams of hemoglobin per 100 cc and the anemia ss-asalsvavs hvpochromic and athcr norraoatic 
or microcs oc Follosving the administraaon of iron for two to three sveehs, two thirds of the men basing 
under 14 grams of hemoglobin and one half of the men having over 15 grams responded to iron theraps 
Most of the moderate to sesere anemias were associated svith hookworm infesauon Dietarv intake of 
ironssasfiomg butoals i mg of this was denved from meat iron It ssould appear that the non meat 
iron ssas inadequatels absorbed or utilized and that these men ss-cre living on the threshold of an iron 
deficients uhich ssas easili produced b) the chronic blood loss due to the parasitism The report helps 
emphasize the need for animal p-oteins and meat iron for normal hemopoiesis and cspecialls hemopoiesis 
under constant strain — S O S 

Progressise Addisonian Permcious Anemia Successfullv Treated ssith Intravenous Choline Chloride 
F B Meosntek, E iM Scbln brr and IV E Peterson J Qin Invesnganon ^ -pS-Sr, 1945 
This is a report of a 61 scar old svhitc male ssith classical pcmiaous anemia who ssas svell main 
tamed on 3 cc of crude liser extract for ses oral scars bnt became scnsiuve to liser extract when more 
punfied preparations sscre used In addition to deseloping a scnsitisitv, he also relapsed modcratel)^ 
Because of his intolerance to liscr he svas giscn stomach preparations oralis During his period of relapse 
he des eloped catarrhal [aundice Biopss at this time rescaled the marrow to be quite fatts even though 
sescrels megaloblastic Needle biopss of the liver showed 3 fattv metamorphosis and the pattern of catar- 
rhal jaundice After a tss-els e das observation penod the patient svas given zo cc of a 5 per cent solution 
of intravenous choline chlonde dails for a penod of sixteen davs This ssas followed bs an increase in the 
red cell count and hemoglobin an impros-ement in the general condition of the patient a fall in the icterus 
index and a change to a less fattv norm ubiasuc marrow A 3 5 per cent rcnculocs te count the third di) 
also accompanied the theraps 

The authors suggest that the absence of choline from the punfied liver extracts mav possibls base to 
do with the lack of fat transporution and its increased deposition Thes further suggest that since the 
improvement follossed choline therapr ssithoutans addinonal liser extract or stomach extract adequate 
amounts of the anti anemic pnnaplc were stored but apparentls due to the fatts liser svere not elabo- 
rated and finallv that fat deposition besond a certam solume percentage of the marross mav cause a 
disturbance m the unlizanon of the hematogenous substance elaborated bs the liser Unforeunatels the 



ABSTRACTS 


87 


Incr biops) could not be repeated because of the patient s lack of cooperation Hosscser, some time 
later, sshen the patient died due to an unrelated cause, the liser ssas found to be essentiall) normal — 
SOS 

Aplastic Anemia and Its Association with Hemochromatosis Kurt Zthmachir and liiargartt Bivans Arch 
Int Med ;/ 395-403 1945 

The authors report on a 63 sear old white male ssith a pseudo-aplastic anemia (hspercellular marrosv 
ssith maturation arrest in the red cells and sshiic cells, and a diminution of megakar) ocj tes) 
hemixhromatosis and cirrhosis of the liser Thes rcsiew 5 cases in the literature ss here hemochromatosis 
and aplastic anemia (4 pscudo-aplastic) coesisted The authors belies c that cither intrinsic or evtnnsic 
toxins are responsible for both aplastic anemia and liser cirrhosis The presiousls damaged liser stores 
an increased amount of iron from absorption fmtrinsic) and also from the breakdoss-n products of the 
transfusions (extrinsic) and finalls takes on the appearance of the organ in hemochromatosis In cases of 
pseudo-aplastic anemia there is also increased hcmolssis adding to the asailablc intrinsic iron — S O S 

Nutritional Macrocs tic Anemia and the Animal Protein of Diet G F Taylor and P N Chbuttant Brit 
M J 1 Soo-01, 1945 

This IS a report of 3oconsecutise unselected cases of anemia seen in a desert climate among adult male 
Indians of whom 17 coo were meat caters and i iSo segctarians Of the 50 cases 17 were lifelong xege 
tanans, 1 temporan xegetarians and xi meat eaters Hospital admission rate for anemia was ix times 
greater among xegetarians than among meat caters Vegetarians mosth had macroc) tic anemias (the so- 
called nutntional or tropical macroc) tic anemias) microcstic or normoex tic hj pochromic anemias 
No maCTocxtic anemia was seen among the meat caters The rations of both groups conuined 
3 000 calories and o\cr So grams of xcgetablc protein per das but the meat eaters had an additional 10 
ounces of fresh mutton The report dehnitels indicates that segctable proteins arc inferior to animal 
proteins as a source of protein for purposes of hemopoiesis — S O S 

The Artificial Production and Significance of Target Cells with Special Reference to Their Occurrence in 
Thalassemia (Coolcs s Er) throblastic Anemia) Wtlltam N Valtnunt and J H Mttl Am J M Sc 
any 741-51, 1945 

Target cells sserc produced b) the suspension of red cells in h)pertonic serum or plasma made so cither 
by the addition of chemicals or by evaporation in sitro In siso hypcrtonicits was achieved by the dehy- 
dration of dogs Dchs drated animals showed a greater number of target cells than normal animals Target 
cells could be made less prominent by resuspension in hypotonic plasma Target cells arc cells whose 
envelope is large in comparison to its contents (Barrett s original thesis) The authors suggest that a rela- 
tionship exists between thalassemia and iton-dcficicnt anemia, since both have an iton deficiency and 
target cells Thalassemia, however, docs not respond to iron therapy The inherited inability to com- 
pletely metabolize the iron to hemoglobin is suggested bv the authors as a possible cause for the type of 
anemia seen in thalassemia — S O S 

Absorption of Ferrous and Feme Radioactive Iron by Human Subjects and by Dogs C V Moore, R Du- 

hach,C Mvimch,andH K Roberts J Clin Investigation ay 753-67.1944 

Moore and his collaborators have attempted to settle the question of the relative therapeutic effective 
ness of the two valence states of iron Using the radioactive isotope of iron as a tracer substance they fed 
ferrous and ferric salts of iron to normal and iron-deficient human subjects and dogs and estimated the 
percent of iron absorbed from the amount of radioactive iron appearmg in the circulating erythrocytes 
Both ferrous and ferric salts were fed to each subject at different times m an attempt to control the ex- 
periments pi 

As previously reported by Hahn and his collaborators, the dogs absorbed both valence forms 
equally well A marked difference was observed in the human subjects however since they absornen ij 
to 13 times more ferrous than feme iron These findings lend strong support to the clmical observations 
indicating the greater therapeutic value of ferrous iron, and rc-emphasize the hazards of attempting to 
transfer to human physiology conclusions obtained from animal experimentation J F R 
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BLOOD GROUPS, TRANSFUSIONS, AND 
BLOOD SUBSTITUTES 

JA^^ES M BATY, M D 
JOSEPH F ROSS M D 
EUGENE L LOZNER M D 

Role of Hemagglutinins Anti A and Anti B in Pathogenesis of Jaundice of the Newborn (Icterus Neon 
atorum Preco\) Halbrtcbt I Am J Dis Child 6 S 148-49 1944 

Halbrecht points out that all forms of icterus m the newborn, ph\ siologic as well as pathologic are 
hemoK tic in origin and that the liver does not partiapate in their, causation The mechanism of the pro- 
duction of cr\ throblastosis fetalis in its sarious forms has been explained The genesis of ph) siologic 
icterus and of milder forms of pathologic icterus, howeser has not been explained 
The author found 9 cases of true en throblastosis fetalis in a series of 10,000 births In addition there 
were fo cases with jaundice which were designated as icterus praecox In these cases the jaundice ap- 
peared within twents four hours after birth and at times was no less intense that that in erj throblastosis 
fetalis The infants with icterus praecox appeared well nursed Mgoroush , and all recosered There wxre 
no hemorrhagic manifestanons and the liter and spleen were not enlarged The blood of 12. of these 
infants was examined onl) 3 showed a mild anemia and none an abnormal number of nucleated red blood 
cells There was an increase in the bilirubin content of the cord blood in all of the 15 cases in which it was 
determined an at erage ol i 75 mg per cent 

The blood of 93 per centof these 60 infants was incompatible with that of the mother, in that the serum 
of the mother aggluunated the red blood cells of the infant A similar incompatibility was demonstrated 
in onlt 30 per cent of 160 infants wnth pht siologic laerus and in 2.6 3 per cent of 2,000 infants without 
icterus The blood groups tt ere detenmned 10 13 cases in each insunce the mother w as blood group O and 
the infant either A or B 

The author belies es that icterus praecox is caused bj the passage of isohemoaggluunins anti A and 
anti B from the mother to the child through the placenta and hemol) SIS of the infant s red cells — J M B 

Anuria With Special Reference to Renal Failure in BlacLwater Feser Incompatible Transfusions and 
Crush Injuries H ffj,A Altmam, H D Bames A KanJi Tr Roj Soc Trop Med &. Hjg jl 197- 
-3S, 1943 

This IS the most comprehensive renew set to appear dealing with the pathologic effects of hemoglo- 
binemia and hemoglobinuna Two hundred and eighteen references are cited An attempt is made to 
explain the anuria and oliguria occurring in blacksvater fescr, fas ism, incompanble blood transfusions 
and crush injuncs on the basis of similar renal abnormalities Examination of as ailablc es idence leads the 
authors to conclude that the aiotemia developing in these syndromes is not due to blockage of the renal 
tubules with precipitated products of hemoglobin but is ofextrarcnal origin Theoliguna and anuria are 
belies ed to be the results of disturbances in electrol) te balance, dehjdration diminished blood solume 
decreased renal arculation, and decreased glomerular filtration Tubular degeneration precedes blockage 
svith hemoglobin casts in the majorits of cases and it 1$ suggested that the casts are a runrejarnrr and not a 
cause of the tubular damage and anuria 

Heraoglobinemia and hemoglobinuria first has c little or no toxic effect on the kidnej The mechanism 
bs which large hemoglobin molecules pass through the normal glomerular membrane is still obscure, but 
It IS fairls ssell esublished that the tubular epithelial cells reabsorb hemoglobin from the glomerular 
filtrate and return it to the bods s econora) This process of reabsorption maj be injurious to the tubular 
epithelium but dehs dration and electrols te imbalance are belies ed to be more important 

Theraps of these ssiidromes should be directed at rcstonng and maiouining a normal blood solume, 
normal renal blood floss and normal electrols rebalance Thehs’pothesis that alkalinization isaneffectise 
method of p-esenting or relies ing oliguria and anuna cannot be supported bs recent experimenul or 
clinical es idence, and the dangers of overalkalinizauon arc such that it is unsvise to force large quantities 
of base into these patients — J F R 
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Hemoglobin and Plasma Protein Their Relation to rntcmal Bod\ Protein Meubohsm Miller, L L ,Kob~ 
scheir Robbins f S , and Whipple G }i } Exper Med Si 405-2-, 1945 

B\ the intrapcritoncal injection of hemoglobin (lakcd red cells) or the intra\cnous injection of hemo- 
globin digests, Miller and associates ha\c been able to maintain nitrogen equilibrium in the protein- 
fasting dog for scseral wecLs The nitrogen utilization from parenteral hemoglobin is not quite so efficient 
as from parenteral plasma In the anemic and h\ poprotcinemic dog intraperitoneal hemoglobin will cause 
an incrca*< in hemoglobin andredcelland plasma protein content of the blood These results arc c\trcmclj 
pertinent to the investigations bv Strum la on the preparation of a safe intravenous globin, as thc\ indicate 
that such a material v\ ill contribute to protein nutrition as v cll as supply a colloid for the maintenance of 
plasma volume — E L L 

The of a Modified Globin from Human Erv throev tes as a Plasma Substitute Prcliminarv Report 
SimmiiSy M Af Cl on 0 1 F U Blake, -f D ,artdKerr IV G Am J M Sc 2cp 436-42. ^945 
The problem of how to u^e most cfficicntlv and advaniageouslv the red cell residue from large scale 
plasma production has been a vexing challenge to investigators during the past hve vears Transfusions of 
red cell suspensions, topical application of red cell paste and production of human peptone have but par 
tiallv answered the problem Two other possible solutions are currenth under intcnsue inscstigation 
One IS the production of a hemoglobin preparation safe for intras enous use and the other the degradation 
of hemoglobin into a globin \ hich would be nontoxic and cffectue as a plasma substitute The latter 
approach is now reported upon in prcliminan fashion bi Strumia and his associates at Bnn MawrHos 
pital Thes beliese thes have achieved a safe and osmoticallv effective preparation of globin and have 
administered It intravenouslv to icS human beings the largest single dose being 57 Gm and the largest 
total amount 191. Gm There has been no evidence of antigenicitv Pvrogenicitv has been a moderate 
problem but the chief difficultv is apparentlv a vasomotor effect from some of the prepiarations Strumta s 
report is indeed stimulating and his subsequent reports as well as the evpcrience of others with globin 
and with hemoglobin preparations are awaited with considerable interest — E L L 

HEMOSTASIS AND HEMORRHAGIC DISEASES 

LEANDRO M TOCANTINS M D 

Studies on Increased CoaguUbilitv of the Blood T K WauihandD W Kuddtek. CzuTsi M J // 11-17, 
^944 

The authors bclicv c it probable that in circulating blood heparin and thromboplastin are in a state of 
d)'namic equilibrium, and that in indiv iduals with h> pcrcoagulable blood there raa\ bean uncompensated 
incrcascin the thromboplastin To rest this out the clotting rime of successive samples of normal venous 
blood, to which increasing amounts of heparin were added was measured and a curve plotted representing 
mean \ alues for a group of men Curv es obtained from the studv of the blood in v arious abnormal stares 
were then compared with the standard curve An accelerated coagulation was observed dunng uncompli- 
cated bed rest, in acute inflammator) conditions following operanons, and after severe hemorrhage 
The changes in coagulabilitv demonstrated bv this careful investigation arc clear and striking No 
adequate support, how cv er, is found for the conclusion that hv pcrcoagulabilirv depends upon an increase 
in the amount of thromboplastin in the blood The reduced cffectiv encss of heparin as an anticoagulant in 
h) pcrcoagulable blood mav be due as much to a diminution in the heparin cofactor (the existence of which 
is presumed by the authors) as to the postulated excess of thromboplastin Though operations and severe 
hemorrhage may conceivably introduce thromboplastin in the circulating blood it is difficult to under 
sund how prolonged bed rest will accomplish a similar effect The hv'percoagulabihn of the blood one 
day after operative procedures cannot be attributed to a rise in the platelets which is gcncrallv not mam 
fested until after the fifth dav postopcrativcly — L M T 

Hereditary Hemorrhagic Telangiectasia, Analysis of Capillary Hcrcdopathics Karl Singer and Wm 

Wolfson New England J Med 2^0 637-41 1944 

The authors discuss three capillao hcrcdopathics usually associated with hemorrhagic tendencies 
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aamciv, psendohcmophilia (son U'illcbrand sdi$ca'«) hcrcditan fanulial purpura and hcrcditan h m- 
orrhagic telangiectasia Separation of these three n-ndrotnes is usualJs based on the response to cenam 
tests (bleeding time petechial reaction of the skin) and the presence or absence of telangiectasias The 
authors stress that coexisting combinations of these various tvpes in the same famiK mas be observed 
Thes report three patients in one famils in s\ hich telangiectasias, increased bleeding tendenc) and mark 
cdls posi tis e petechial reaction of the skin svere found The sex distnbution of the defects svas about equal 
It IS pointed out that though pure tvpes of hemorrhagic disorders mas somenmes be separated clinicallr 
the existence of multiple defects in capillars funcuon precludes the use of tables of differential diagnosis 
of these disorders in sshich onls ngidls demarcated rs'pes are considered 

The phssiologic analssis of these vascular defects is skillfulls attempted The concept of dehaent 
capillars contraculits proposed to account for disorders of bleeding such as son Willebrand s disease 
(pseudohemophilia) is open to question Visual demonstrations of discontinuance of blood flosv through 
intact or ses ered terminal capillaries arc insufBcicnt indication that the capllars has actualls contracted 
OiUapsc of the s cssel due to a fall in capillars pressure or an increase m surrounding tissue pressure mas 
accomplish the same result — L M T 

Phs siological kspects of Human Genetics Fise Homan Blood Characteristics H H Sn-MJshr Phvsiol 

Res 445 -^e 1944 

The author considers certain aspens of the inheritance of the hemophilic trait Hemophilia in man 1$ 
inherited as a sex linked recessive trait This implies that the hemophilic gene (h) and its normal allele 
(H) has c their common locus on the \ chromozonc and that a single hemophilic gene (h) snll produce the 
condition in the male, svhereas in the female two (h h) are ncccssars for its c\-pression Although some 
pedigrees suggest incomplete rcccssis cncss on the part of the hemophilic gene, most hctcrozs gous females 
donotshoss thedefect Hence itseems jusufiable to conclude that thecommonformofhemophiliaisnot 
onls sex Imked but completels recessive The hctcrozs gous females svhich shots a condition similar to 
hemophilia mas possess a s ariant of the common allele or present a clmical picture like hemophilia but 
due to other causes A partial anssser to the question of sshs so few females are hemophilics (if ans are) 
ss hen so mans males are affected is to be found in the manner in tshich hemophilia is inherited If as 
Haldane as s the incidence of hemophilia for the population of London is about i to 10 ono among males 
sse should ex'pect onls one female among a hundred million to be homors gous (h h)and therefore hemo- 
philic Moreos er to produce a homozvgous female it is necessary that her father be a hemophilic (h) and 
her mother homors gous (h h) or a earner (H h) The tendcncs of hemophilics to die earl) makes these 
matings unlikclv In the face of the selection pressure which the hemophilic trait encounters it is odd that 
the frequencs of the hemophilic gene is maintained at as high a les el as it is Since most hemophilic males 
fail to leave offspring the (h) gene should gradualls be reduced in frequencs The nearly consunt fre- 
quencs for this gene hosveser seemed to Haldane to suggest that mutations from (H) to (h) take place 
at the rate of one muunon per 50 000 individuals each generanon — L M T 

Further Studies of Platelet Reducing Substances in Splenic Extracts Eu^ent P Crankjre Ann Int Med 

5--F-, 1944 

■kcetone extracts ssere prepared from the spleen of tsvopaoents with idiopathic thrombopenic purpura 
one patient ssith thrombopenic purpura associated with tuberculosis of the spleen one patient with 
chronic malignant neutropenia and thrombocs tons, and one normal control (traumatic injury of the 
spleen) \mounts of extract eqmvalent to 30-45 Gm of spleen were injected intravenousls into rabbits 
and observations made of the platelets, bleeding time (puncture of ear vein) clot retraction (blood ob- 
tained bv hean puncture) and capillary fragilitv (petechial reaction of the skin after application of 
negative p-essure) Significant reductions in the number of platelets were observed m all animals except 
tho'e receiv mg the extract from the normal spleen The greatest reduction was found nith the extract of 
the spleen from the patient with ncutropitnia and thrombocytosis The thrombopenia lasted in most 
instances about twentv hours was sometimes accompanied by prolonganon of the bleeding time and 
diminution m dot retractilitv (qualitative cstunauon) The changes in the petechial reaction were not 
marked The values recorded for bleeding time in normal rabbits are fen and considerablv longer than 
those to the literature thev afford an uncertain basis wherebv any prolongations may be considered 
significant The fact that the most stnking results were obtained from the spleen of the pitient with 



ABSTRACTS 


91 


thromboci toos lends itself to conllicting interpretation-: Thi<: paper addc plausible c\ idence to those of a 
similar nature pres lousK reported, the demonstration still lacks condusneness, honcter -L M T 

LEUKEMIA AND LYMPHOMA 

LLOro F GRAVER M D 

Obsenations on Oser One Hundred Cases of M)elogenous and L)mphatic Leukemia Fntifmaim A B , 
arj Mnrr, I M Radiologt // 1335 

This IS a report on 105 cases seen at Kings Counts Hospital in the scars 1535 to 1541 
Fifts three cases of mselogenous leukemia included 11 acute eases ssith an ascrage sursisal of x 3 
months after onset, ranging from - weeks to 9 months and 4- chronic eases Of the patients with the 
chronicform 34sscrcdcad has mg had an ascrage surs isal of 44 x months, ranging from 8 months to it 
jears 

Fifts one cases of Ismphatic Icul cmia included 5 acute cases, ssith an as-crage sursisal of 4 4 mouths 
and 46 chronic cases deaths ssith an ascrage sursisal of 17 5 months) 

The authors state that irradiation of the bones produces a more gradual drop in sshite cell count and a 
longer remission than s hen treatment is confined to spleen or Is mph nodes 

Total bods irradiation IS used in theadsanced generalized eases and in those sshich had pres lously 
been treated localls but had become ss idespread \s diagnosabic leukemia is alssaj sa generalized dis 
case no doubt this means that total bods irradiation is resets cd for the late cases ssith multiple ssidc 
spread gross lesions The doses giscn intermittentls at 150 cm target skin distances arc usuall) 53 r a 
treatment and rarels 30 r — L F C 

Lsmphomatoid Diseases Ins olsing the Esc and Its Adnexa McCatu, John S Arch Ophth 311 179-93, 

1943 

The author res less s _i histoiogicalls scrificd eases, including 17 primarj l)mphomatoid tumors and 
4 seconder} tumors 

Subconjunctis al Is mphomas all has c the same clinical appearance, irrespectisc of their histologic t) pc 
and clinical course 

Tsso eases arc cited sshich sserc at first regarded as the granulomatous so-called pscudorumor of the 
orbit, but in sshich some )cars later a generalized 1) mphosarcoma dcseloped 

Despite thcgcncrall) poor prognosis for patients ssith localized l)mphomatous tumors in the region of 
theeje, the author bclicses thes should be treated b> radiation svith the justified hope that some ssill be 
cured and not base generalized 1 ) mphosarcomatosis Elcsen of the 17 primary eases in this series remained 
localized — L F C 

Roentgen Thcrap) in Diseases of the Blood Forming Organs Isaacs, Raphael Radiology 33 5 ®“^ 3 > ^945 
This IS a preliminary report of an attempted correlation of effects of v ray therapy in a series of 980 
cases, including sarious types of leukemia, Hodgkin s disease, and lymphosarcoma The therapy is said to 
represent the current practice of roentgenologists all oser the country 

The author believes that considerable importance attaches to the intervals between individual doses 
As an example he cites a case of chronic myelogenous leukemia for which at first a dose of xco r was given 
every other day to a total of 1,600 r in sixteen day s resulting in no demonstrable remission whereas when 
to the same patient a xoo r dose was given daily for three days and one additional dose of xoor three days 
later, a remission of three months ensued However the only evidence of remission shown in this araclc 
IS the lev cl of the white cell count, and it may be noted that this count ranged from i37,oootox39,ooo cells 
per cubic millimeter before the first course of treatment, but had decreased to a range between 134,000 and 
79,600 in the ten days following that treatment It should further be noted that the second course of treat- 
ment, allegedly more effective, because given daily, followed the first, allegedly ineffective course after 
an interval of only twelve days 

One would naturally conclude that the regression of three months was produced by the com me 
effects of both cycles of treatment 

Another statement is to the effect that a relapse may be instituted if a small dose of x ray treatment is 
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gi\cn, orifitisgivcn over an area where it affects much bone marrow dirceth To illustrate this statement 
the author arcs a ease of chronic mselogenous leukemia in which the following sequence of csents 
occurred 

I Fise small doses (35 to 60 r) over the chest, followed bs relapse in four weeks 

2. Tw o treatments of 75 r os er the spleen ([not on consecutne das s') follow edbs relapse in four sseeks 

3 Four treatments of 75 r to spleen in nine dass, followed bs relapse in sesenteen dass 

4 Fosvier s solution gase a remission for eight months 

5 Ses ere cough led to gising 7 treatments of 50 to ICO r os er the chest at three das inters als and there 
follossed a complete relapse 

The author 5 comment is that this patient should base responded to adequate treatment ssith x ra)s 
as he did to Fossler s solution and that the results (relapses) ssere those of stimulation rather than 
depression 

Perhaps one ssould be justihed in terming some of the earlier treatments in this case inadequate (assum 
ing that the earl j clinical condition of the patient had been such as to ss arrant heas ler doses) but there is 
todas little if ans es idence in the opinion of most radiologists and biophs sicists to support a belief in a 
stimulating effect of x ras treatment 

The author states that the basal metabolic rate 1$ a good guide to the need for therapi when there arc 
fairl) mature cells in the blood and blood forming organs, but that when mans blasts arc present the 
basal metabolic rate alone is not an adequate guide It is the res icwer s opinion that the basal metabolic 
rate can largclj be dispensed with in deciding about the treatment of leukemia hi radiation andthatin 
most cases decision must be based on a consideration of mans other factors 

In conclusion, the author gives his impression that it takes a longer time to produce a remission when 
treatments are gi'cn on alternate dass or at three das to one sveck intervals, and that remissions are 
shorter, than sshen the doses arcgiscn on consecutisc dass and discontinued sshen the sshite cell count 
falls to 60 000 to So 000 Such a general statement raises the question of sshat ssould be done for the 
patient basing troublesome ss mptoms ssho has neser been treated and sshose sshite cell count is onls 
30 000 

It IS a common error to speak of a small dose of x ras , as the radiation delis ered bs a ras machines 
s a heterogeneous bundle of rass of different wave lengths it should be referred to as x rass — L F C 
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It IS ipproprntc thit the emergence of a new journal with universal appeal 
should coincide nith the first \cir of peace after so man} }ears of bloodshed 
Germination of the idea of the journal took a long time, but once actual sprouting 
took place there a%as rapid de\cIopmcnt The idea of an American journal in the 
field of disorders of the blood and blood-forming organs took hold with enthusiasm 
and w ith a surprising lack of ncgatia e reaction The name was a little more difficult 
Should It be called Awcnciui Jounut! oj Hematology, The Joumal of Hematology, Blood, 
or some other titlc^ The simple and forthright title Blood uas suggested by a few 
and strong)} urged b\ our Consulting Editor \t first glance, it seemed too striking, 
but the more one thought ibout it, the more right it seemed to be Hematology 
seemed to denote more the strictl} morphologic approach, whereas present daj- 
studies of the blood were often functional and had to do with the blood itself 
A poll of the editors disclosed about an e%tn number \oting for Blood and for The 
American Journal oj Hematology The plunge to Blood was then taken, in line with 
such modern titles as Hygeia, etc The subtitle Journal oj Hematology was added as a 
compromise, American being left out because one of our foreign advisers strongly 
urged as little pros incialism as possible 

About our Editors, it seems that n\o of our Associate Editors are deans of their 
respective medical schools Dr Charles A Doan at the University of Ohio, and 
Dr Roy R Krackc at the University of Alabama Dr Maxwell M Wintrobe is the 
Professor of Medicine and Chief of the Department in the newly reorganized Uni- 
versit} of Utah Medical School Dr Thomas Hale Ham, of the Thorndike 
Memorial Laborator} of Boston, is temporarily with the United States Army 
Chemical Warfare Division, where he has done an outstanding job Dr Nathan 
Rosenthal, of New York City, is one of the pioneers of hematology in this country 
Our Consulting Editor, the Nobel Prize lAureatc, Dr George R Minot, needs no 
introduction The Assistant Editors arc two young men, one from Boston, Dr 
Joseph F Ross, and the other from Chicago, Dr Steven O Schwartz, in both of 
whom the Editor has confidence, they will undoubtedly reduce some of the editorial 
burdens The Advisory Editorial Board, although admittedly incomplete, contains 
men of note from various parts of the country and in special fields Dr James M 
Baty, of Boston, is a pediatrician, and Dr Lloyd Craver, of the Memorial 
Hospital in New York City, is a medical man, radiologist, and tumor specialist 
Dr Louis S Goodman, Professor of Pharmacology at the University of Utah Medi- 
cal School, has written one of the most outstanding medical texts of this genera- 
tion Dr Russell L Haden, of Cleveland, and Dr Cyrus C Sturgis, of Ann Arbor, 
Michigan, need no introduction to those reading this journal, both having been top- 
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flight men in their fields for > ears Dr Oln er P Jones, of Buffalo, is our morpholo- 
gist and has often cvpressed himself dtnamicall) in what are usuallj considered 
static subjects Dr Philip Lesine is well known for his work with the M and N, 
and Rh blood factors Dr Eugene L Lozner, formerh of the Thorndike Laboraton 
in Boston, has done some outstanding work in blood plasma at the Nasal Medical 
Research Institute in Bethesda, Mar} land Dr Stace} A Mcttier has carried the 
torch of hcmarolog} to San Francisco Dr Carl V Moore, of Washington Unt- 
vcrsit} in St Louis, Alissoun, is an editor in his own right — editing the newl} 
reorganized Journal of Laboratory and Clinical Medicine He is a prime exponent of 
the ph}siologic approach to hematologic manifestations Dr F H L Ta}lor, a 
biochemist, has for man} }cars participated in numerous ms estigations at the 
Thorndike Memorial Laborator} along chemical lines Dr Lemdro M Tocantins 
has for man} }ears been a mainsta} at Jefferson, w’here he has carried on mans 
investigations in blood -coagulating mechanisms Dr C J Watson, Professor of 
Medicine at the Unisersic} of Minnesota, is a ph}Siologico-biochemical internist 
whose brilliant work in the field of the porph}Tins is not outdone b} his profes- 
sorial abilit} in teaching intcmal medicine From Canada, we hase Dr R F 
Farquarhson, of Toronto, w’ho has made man} contributions in the field of 
pernicious anemia 

Enlisting the aid of our Latin-American friends in this ness senture has been of 
foremost importance All have been enthusiastic, with the result that a group, as 
}et incomplete, of outstanding Contributing Editors from the various countries 
of the Western Hemisphere has been formed These include Professor I Gonzalcs- 
Gu2man, Dean of the School of Medicine at the Universit) of Mexico, Dr Moises 
Chediak, of Havana, Cuba, Dr Ramon Suarez, of Puerto Rico, Professor Alberto 
Hurtardo, of Lima, Peru, Dr Paul Caazani, of Urvgua} , Dr Alfredo Pavlov sf}, 
of Buenos Aires, Dr Jose Oria, of Sao Paulo, and Dr W O Cruz, of Rio de Jan- 
eiro, Brazil Within the next few months an official list of contributing editors from 
the Latin-American countries, as well as from Europe, South Africa, Australia, 
etc , vv’ill be announced It is hoped that the new journal will be trul} international 
in Its scope 

A new organization. The New York Societv for the Stud} of the Blood, has 
recentl} been formed An unusuall} large group of charter members joined enthusi- 
asticall} in the new venture The first group of officers includes the following 
President, Alexander S Wiener, ^fice-President, Paul Reznikoff, Secretar} -Treas- 
urer, Dr Peter Vogel The stated purpose of the Societ} is the furtherance of 
research and the dissemination of knowledge concerning the allied fields of 
hematolog} , blood grouping, and transfusions Meetings are to be held thrice 
annuall} 

The American College of Surgeons, with the active participation of several 
pharmaceutical houses, has embarked on a large program of visual education 
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utilizing motion picture scemrios c\prcsi,l\ midc for the project The Armour 
Compant has taken on the hematologic assignment, and a series of six to eight 
films of fort} -lit c to iift\ minutes in length is in preparation The Editor has seen 
and helped to criticize the first of these films, which deals with the Hemopoietic 
Principle The project desert cs wholehearted consideration from all these inter- 
ested in the Wood, since wide dissemination of knowdedge of this allegedh difficult 
subject will be a \cr\ great sertiee 

Newspaper reports from japan indie itirg the de\ clopment of blood cell reactions 
in certain indn iduals exposed to thcefficets of the atomic bombs are of great interest 
and mat add another etiologic factor to the now long list of materials which 
cause int olt ement of the bone marrow Benzol, chemicals related to benzol or con- 
taining the benzene ring, arsenic, gold, the sulfonamide drugs, etc , ma) all pro- 
duce cither total or sclcctitc int oh ement of the bone marrow Total involvement 
results in panct topenia, but selcctitc intoheincnt ma} cause either anemia, leuko- 
penia and granuloct topenia, or thromboe} topenia Combinations of these effects 
arc also possible X-raxs, radium, radioactixc materials such as thorium and meso- 
thorium, and artificial radioactixc chemicals such as radiophosphorus, etc , ma} 
also affect the bone marroxx in much the same xva} The atomic bomb, with its 
prcsumabl} great radioactix itx , ma} haxc induced sex ere leukopenia and granu- 
loc} topenia in some indix iduals and thus haxc resulted in agranuloc} tosis with its 
attendant sepsis It xxill be of interest to haxc some exact scientific data on these 
alleged effects 

One often xvonders xxh} the nexxspapcrs and the national press bureaus as well as 
the radio chains arc so interested in leukemia An} case of this disease, particularly 
in a child, xvhich happens to become knoxvn to a nexvspaper, is immediately given 
a big play and is the occasion for much dramatics Telephone calls arc made to 
specialists all over the countr} , a search is undertaken for donors from cured 
cases, dail} bulletins from the hospital arc prominently displa}cd, etc Unfortun- 
ately, none of this hubbub is ever productive of any results, except perhaps to raise 
false hopes in the minds of the hard-hit family 

Acute leukemia is a rapidly groxving, proliferative process of one of the white 
cell scries The consensus of opinion indicates that it is a highly malignant tumor, 
xvhich — like rhe blood cells in general — is generalized from its inception Most of 
the effects of this rapid growth are on the marrow, which becomes overwhelmed 
by abnormal cells, as a result of xvhich rapidly progressive anemia, granulocyto- 
penia, and thrombocytopenia ensue No way has as yet been discovered to reverse 
this apparently irreversible and irresistible phenomenon X-rays, radiophosphorus, 
chemicals, transfusions, etc , offer little or no relief, and the course is relentlessly 
downhill There may be recovered cases we have been shown data on a few of 
these One always wonders, however, whether the diagnosis in these was correct 
The chances arc very strongly in favor of a Icukcmoid reaction In any event, until 
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radicall} nc\% methods of thcrapj, or perhaps pre%cntion, appear, it seems silh 
for the new’spapers to continue their frank balh hoo of this disease It is hoped 
that modem investigators will before too long come up with an answer to the 
enigma of this tragic disease Results of progress will undoubtedh be quickh 
disseminated 

It is hoped that our subscribers, and other readers, will feel free to submit notes 
of current hematologic interest, critical comment regarding the various amclcs, 
as well as other material for publication in this column of News and Views 
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AtUs ef tl t BhiJ III Cl lIJrcii B\ Krs',cTii D Bi\or\s Louis K Dmmovd, a\dC MERnitL Lester 
T he Commonsvcalth Fund, N’c's "i ork 194^ 3-opiKcs 70 plates in full color $11-00 
This Arlai of 3-0 pipes consists of a 15S pipe test of hcmatologs and 70 lithographed plates m full 
color, all in a handsome \olumc of 7J hs 11 inches The tc\t is brief but it is usuall) adequate and is 
arranged in conformits with the illustrations This arrangement which, m the consideration of anemia 
stresses the element of red cell size rather than that of ctiologs, brings together such odd bedfelJous 
as h\ poplastic anemia and hemophilia in both of which the red cells arc frequenti) normoc)tic and 
normochromic Although the determination of red cell size in anemia is often of both diagnostic and 
therapeutic consideration it should nc\cr be forgotten that ctiologs must alw ass take precedence For 
this reason the res icwcr would perhaps disagree ssith the contention of the authors that by selection of 
the predominating i\ pc of cell in a stained film and b% comparison ssith those plates presenting like feat- 
ures, the student mas reach a correct diagnosis of the disease condition at hand This is perhaps putting 
too great a stress on morphologs , the emphasis in recent scars basing shifted tossard pathologic 
phs siologs 

Since the Allots is desoted to the blood in children there is naturalls no discussion or illustration of 
Addisonian pernicious anemia nor of poises themia sera The section on ers throblastosis feraJis is nnosu- 
alls good, as arc the ‘cscral plates illustrating the condition The plates are after all the rauen d are 
of the book The blood ccU< arc ordinari/s reproduced in \ery large magnihcation (X 1500), i c about 
one and one half times larger than one customarils sees them ssith the microscope The illustrations arc 
unusualh clearandhfelilc shoi mg an cacclicnt color saluc on the parr of the physician artist The s arc, 
in fact, so lifelike that some of the poorer smears (as in plate 60 Subacute Monocytic Lcukcmia_) arc 
faithfu’lls copied with a resultant faded appearance the monocs tic granules being conspicuously lacking 
The plate labeled Acute Monocs tic Leukemia must be seriousis questioned as an evamplc of the disease 
the cells looking more like carls Ismphocstes than thes do monoa tes In fact, monocytes fare rather 
badls throughout, as m plates qy and qS (acute primars tuberculosis), although the monocytes m plate 
5oarc well depicted The Is mphoci tes on the other hand are beautifully shosvn, particularly m inlc. 

tious mononucleosis and the s oung and cosic poly morphonuclcars of scs ere sepsis arc nicely reprt 

duced There arc a number of beautiful plates on Mediterranean anemia although the target cell ;r 
leptocy te is not emphasized Likewise the plates of congenital hemolytic anemia fail to stress or t > 
present good pictures of the spherocs te so characteristic of that disease, particularly in crisis 

With the present great interest in the bone marrow it is unfortunate that plates of the marroi c mid 
not base been presented m comection with those of the peripheral blood Perhaps this is a task (or a 

future edition , , 

The lithography as a rule is good although in some of the plates tt tends to be rather muddy 
One wonders too about the necessity for a tellowish rather than a white background for the cells The 
book IS an art work throughout, the print being unusualh large and legible and the chapter headings 
unusually well designed It senes a useful purpose m the stud, and teaching of hematology 

Mtduo-Le^al Blend Group Detirmwatw! TUor}, Tedmjut, Practice By Dasud Harley M D , B Sc FI C 

The Laboratories of the Inoculation Department St Mary s Hospital, London Pp 119 New lorlt 

Gtunc &. Striccon 1945 $3 50 , , „ m 

This IS a short but rather complete monograph on the application of blood grouping pri c p 
forensic medicine The author detotes the first quarter of the book to a brief but very lucid 
of the theory of the A BO and M N blood groups, including sections on heredity and on 
occurrence of antigens A and B The next portion of the volume is an explanation cffc2utho ^ 
lar technic of performing the grouping tests, which is a glass slide method Inc u c * ^ 

examination of blood and secretion stains for antigens A and B and corresponding antibodies 
portion of the book detailed studies of a number of actual medico-legal cases are presenren 
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Dr Harlc\ has produced an excellent short booL for the beginner in medico-legal blood grouping 
Perhaps its chief virtue is the omission of as ret unsubstantiated methods and concentration on accepted 
methods with the A B-O and M N groups This volume makes excellent reading for workers in legal 
mcdiane as well as for those wishing simple elucidation of the theon behind such work There is no 
discussion of the Rh factors 

Leuhiftnia and Afranulocjtosis Bi WiLtjAst Damejheic MD Clinical Professor of Medicine TuftsiMeJi 
cal School Edited bs Henri A Christian AM M D LL D Sc D (Hon ) F A C P , Hon F R C 
P (Can 5 Herser Professor of the Theon and Practice of Ph\ sic Emeritus Hanard Univcrsits 
Reprinted from Oxford Loon Leaf hUdtctne wnth the same page numbers as that work New lork 
Oxford Unirersin Press 1944 Price $1 73 

This small \ olume (less than loo pages) fulfills the promise of its preface it is a compact but compre 
hensne treatise on leukopenia and agranulocs tosis Both condinons occur not infrequentli as toxic 
manifestations of sulfonamide theraps Knowledge and understanding of the subjects of this monograph 
arc therefore of great importance for the practicing phisiaan 

The classification of leukopenia with particular reference to etiologic factors is thorough and gnes 
an excellent basis for the differential diagnosis of conditions causing a scarcin of leukocitcs m the 
pcnpbcral blood It is out of the scope of the author s treatise to gi\c a detailed account of each of the 
diseases causing leukopenia Consequentli this section of the book carries but a few case reports to point 
up briefli the pertinent data for the physiaan whose background in hcmatologi is not cspeciallj nch 
The discussion of snnptomanc splenic leukopenia is in greater detail and 1$ particular!) good 

A more condensed )ct easih read stud) of agranuloci tosis and a better rciicw of the literature on the 
subject could scarce!) be found The ph\ siopathologic mechanisms arc presented so clearl) that the 
steps ID the evolution of the disorder can be thoroughh appreaated Much consideration is given to 
therapv reported as far from saasfaaon despite occasional short lived use of some drug which claims 
to reduce monalm to 30 to 50 per cent Dameshek states that the fatalitv in this disease is about So to 
90 per cent and asserts chat death is not due to granulocv topenia per se but to bactenal invasion in a 
bodv stnpped of its normal leukoev tic defease Emphasis is placed therefore upon combating sepsis 
(wnth one of the sulfonamides preferabl) sulfathiazole or penicillin) as the most important factor after 
discontinuance of the sensitizmg drugs let when faced vvith adiseaseof such violent inteositv asagranu 
loo tosis Dameshek feels that one IS justified in usinganv measure possiblv offering a contribution to the 
recoverv These additional methods which he considers are x rav therapv over the long bones, nucleic 
acid derivatives including pentose nucleotides and adenine sulfate transfusions of blood leukoc)tic 
cream liver extract and foreign proteins —Krgr/nrri/ with The fermisiton of U S Naral Medical Ba! 
letin 
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111 Till ERITHROCITr PROTOPORPin RTN 


B) CiciL ]ami^ Watson, MD 


I ni Ni RAL considlrations 


P ROTOPORPH'\ RIN is tlic unJcrls ing porpluTin of the hemoglobin molecule ‘ 
The name simph indicates that protoporph) rin is a rcprcsentatiae or proto- 
tape of the \ arious naturalh occurring porpharins insofir as its widespread 
occurrence and pha siological significance arc conccTiicd Protoporph) rin is the 
substance aahich binds the iron of the hemoglobin molceuk This aaas first es- 
tablished b) the studies of Kammerer,- and of Tisehcr inJ Zeilc,’' the earlier aaork 
of Hoppc-Sc> Icr,' Ncncki and Siebcr-’ haaing mJictted that the underlying 
porph)rin of the hemoglobin molecule aaas hematoporpha rin The latter sub- 
stance IS formed aahen hemoglobin is treated asith toneentrated sulturie acid, but, 
as Fischer and his associates haae clearla shoaan it is an artihcial compound 
not occurring naturalla It is unfortunate th it the term hematoporph)rir is 
still used in man) tc\tbooks of biochemistra uid clmual chemistry in reicmng 
to one or another of the naturall) occurring porpbarins 
In figure 1, the structural formula of the ferrous complex of protoporph) rin is 
shoavn In accordance asith the terminologa of Anson and Mirsky*' this is perhaps 
best designated as heme It is seen that the porpharin ring is characterize ) 
four p)rrol nuclei, each has'ing a nitrogen at the apex of a ring of four carbon at 
oms Each of the pa rrol nuclei is connected to one of its felloass by a methene (LH; 
bridge The protoporphyrin molecule is distinguished from other PO'T ^ 

the presence of two vin) 1 (CH=CHO groups, which are retained avhen the poijhy- 
rin ring opens as it docs in the formation of bile pigment, as seen on t e rig 
figure I The protoporphyrin molecule is a di-carboxylic acid, two car ^oups 
being present in the form of propionic acid rests It is probable t at t e g o in or 
protein fraction of the hemoglobin molecule is attached to these car oxy gr p^ 
(fig i) Globin constitutes 96 per cent of the hemoglobin molccu c ince 
cular weight of the heme is slightly more than 600, and t at o go in , 
70,000, It IS evident that if there were one molecule of heme or one o g o , 
heme would constitute but i per cent of the hemoglobin mo ecu e rat er ^ 
cent as noted This, together with additional evidence^, indicates an atta 

four heme molecules to one of globm -.rrin ic 

It has been an important question in the past as to w et ct 
intermediate in the pathway between hemoglobin an ^ ^ P formed in 
formerly believed, probably because of the case with which hema 

From the Department of Medicine. University of Mmnesou Hospital Mmneapohs, Mtanesota 
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Vitro b} the treatment of hemoglobin with either acid or alkali, that hematm, a 
ferric complex of protoporphjTin, was the first step in the transition to bile pig- 
ment Anson and Mirsky' showed that hematm as formed naturall) is still attached 
to globin In recent years, Hamilton Fairley® has shown that hematm is bound to 
some portion of the albumin fraction of the plasma protein when it is present 
m the circulating plasma m pathological states such as, for example, blackwater 
fever, severe liver disease, gas bacillus sepsis, and others It is important to note 
that globm has approximately the same molecular weight and the same electro- 
phoretic behavior as albumin, so that a hematm formed under natural conditions 
and still attached to globm would be expected to be associated with the albumin 
fraction Fairley has employed the term methemalbumm to designate this as- 
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sociation There is no reason to believe, however, that hematm or methemalbumm 
IS a normal mtermediarj substance m the transition of hemoglobin to bilirubm 
Bingold® and Ducsberg,"® mfact, have presented evidence purporting to show that 
hematm, once formed in vivo, is not converted tobile pigment An extensive study 
of this question b} Pass, Schwartz, and Watson" has nevertheless revealed quite 
clearl) that hematm injected into human subjects is converted quantitatively into 
bile pigment, as judged b) a corresponding augmentation of the feces urobilino- 
gen It appears that free protoporph} rm, in contrast to hematm, is not capable of 
conversion to bile pigment m vivo, at least m dogs Watson, Pass, and Schwartz'" 
administered protoporph} rm to bile renal fistula dogs, but could observe no 
significant increase m bilirubin output 
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r The studies of H Fischer,” Wirhurg,” 13irkin,” Lemberg,’' and Engel'^ have 
all indicated that the transition of hemoglobin to bilirubin is over an entirely differ- 
-ent pathasaa than the hematin-protoporpln rin chain as indicated in the lower left 
corner of figure i The studies of Barkan and Lemberg in particular provided evi- 
-dence that the first step in the transition to bilirubin, rather than the splitting-out 
of iron or the remo\ al of protein as formerh thought, is the opening of the porphy- 
rin ring b} remos al of the a-methenc bridge This results in the formation of what 
IS perhaps best termed a \erdohemoglobin (Lemberg), or green hemoglobin As 
Barkan has shoun, the iron in this t}pe of hemoglobin is casih split off in con- 
trast to that of the original hemoglobin molecule in s\ Inch it is tightlj bound 
Barkan and his associates’' ha\c prosided considerable evidence that up to 5 per 
-cent of the circulating hemoglobin is in this form, at least as judged bj the relative 
amount of easil) split-ofT iron in the circulating red blood cells Van Havemann-” 
has described a method for the direct measurement of \crdohemoglobin in the red 
■cells, and reports a alues up to S per cent of the total hemoglobin in various indi- 
aiduals One of the most interesting obseraations in this connection is that of 
Barkan’' that upon the sterile incubation of red blood cells for as little as six hours, 
■a distinct increase of iron and bilirubin in the supernatant plasma is observed with- 
out any diminution in the number of cells The exact mechanism b) which the 
•a-methene bridge is remoaed is not clear Obaiouslj it is ovidatia'c in character 
Engel-' has suggested that it is simpl) a lack of protection b) catalase against the 
activit) of H;Oj Van Haaemann has shoaam that aerdohcmoglobin may be pre- 
pared from hemoglobin, in aitro, b) the action of H^O; According to Siedel,^ 
Baumgartel-' has obscracd the conversion b} liaerbrei in vitro This is reminis- 
cent of the earlier experiments of H Fischer and Lindner-' in which a green pig- 
ment avas noted folloaving treatment of hemoglobin b> )east Siedel,-' evidently 
basing his belief upon avork by Kiesc,-' states that hemoglobin is converted to 
verdohemoglobin in the liver, in vivo 

It appears probable that verdohemoglobin is a bilivcrdin-iron-globin It is cer- 
tain that in the further transition to bilirubin, the iron is split off, and interestingly 
enough it (the serum iron ) travels thenceforth avith the globulin fraction of the 
plasma^’ while the bilirubin remains with the scrum albumin The significance 
of the latter observation, with particular reference to the van den Bcrgh reaction 
and bilirubinuria, will be discussed in Part II, which follows 

In considering the interesting question of the opening of the porphyrin ring in 
the transition of hemoglobin to bilirubin, it is evident that if the ring were to open 
at one or the other of the four mcthenc bridges, a differing bilirubin or bilirubinoid 
substance would result It was desirable to identify the bilirubin in human bile of 
various origin, in order to exclude the occurrence of bilirubins differing from that 
which had been studied in the past and which, in the mam, had been obtained 
from cattle gallstones ’ Because of its high melting point, crystalline bilirubin is 
best identified by one or more of its derivatives As noted in figure i, the reduction 
of bihrubin results in the formation of a colorless chromogen known as meso- 
bilirubinogcn, one of the urobilinogens ’ ” The oxidation of mcsobilirubinogen 
results in the formation of urobilin 9 , a, an orangc-ycllowpigmcnt The designation 
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9, a, IS dcrncd as follows s The classification of the porph}Tins, as according to H 
Fischer/ depends upon the 4 isomers (I-nO of aetioporph}Tin and the 15 (1-15) of 
mcsoporphjTin These are artificial The protoporphjTin of the hemoglobin mole- 
cule corresponds in configuration to actioporph}Tin III and mesoporpht rin 9 It is a 
class III tj-pe 9 protoporphjTin The derivatives of protoporph}Tin 9, such as bil- 
irubin, mesobilirubinogen, and urobilin all have the same configuration The 
second portion of the designation, i e , a, refers to the opening of the a-mcthcnc 
bridge in the transition of hemoglobin to bilirubin Urobilin 9, a, is easil) crystal- 
lized and identified b) means of melting point determination 

Watson and Schwartz*^ subjected a senes of human fistula biles to amalgam re- 
duction, thus h) drogcnating whatever bdirubin was contained in the samples The 
resulting chromogen was extracted and allots ed to undergo transition to its cor- 
responding urobilin, b} exposure to light The latter was then ciystallizcd and m 
each instance tv as shown to be urobilin 9, a This indicates bej ond doubt that it is 
altvaj s the a-methene bridge tv hich is split out, rather than an) of the other three 
in the protoporph) rin molecule 

The natural reduction of bilirubin to mesobilirubinogen undoubted!) takes 
place at least mainly in the colon, and is believed to be related to the reducing activ - 
It) of the bacterial flora It was long believed that mesobilirubinogen was the onl) 
urobilinogen,^ but the isolation of crystalline stercobilin from the feces and 
urine^^-^' and its reduction to a chromogen differing from mesobilirubinogen, 
together with the obvious physical differences between cry'stalline stercobilin and 
the urobilin obtained b) oxidation of mesobilirubinogen,’' proved beyond 
question that there arc really two urobilinogens in the feces and urine, which, 
indiv iduall) at least, arc best designated as mesobilirubinogen and stcrcobilinogen 
Collectively they arc best referred to as urobilinogen, since both substances arc 
characterized by an intense Ehrlich aldehyde reaction, which has come to be as- 
sociated clinically with the term urobilinogen It has now been shown,'** both by 
feeding of mesobilirubinogen to human subjects and by incubating crystalline 
mesobilirubinogen with feces, that this substance is conv^erted to stercobihnogcn 
through some as yet unknown agency of the bacterial flora of the intestine Ac- 
cording to Sicdcl s recent report,** Baumgartcl** showed that this conversion is 
dependent upon the cystin-cystcin redox system of the intestinal flora Present 
knowledge of mesobilirubinogen and stcrcobilinogen docs not indicate any differ- 
ence in physiological signtficancc The relative proportion of the two chromogens 
vanes with different urine samples,'** but this as well probably relates to varying 
bacterial activ ity in the colon with resultant fluctuation in the amount of stcr- 
cobilinogcn formed Fortunately , the color intensity of the Ehrlich aldehyde com- 
pounds of the two chromogens is identical,'"’ so that the Ehrlich reaction may be 
used to quantitate them as one This is another ground, from a clinical standpoint, 
for use of the single term urobilinogen to indicate the sum of the two chromogens 
in feces or unne It may be noted here that Lemberg** employs the terms urobilino- 
gen and urobdin only to designate the substances above referred to as stcrcobilino- 
gen and stcrcobihn Lemberg believed that mesobilirubinogen was not the precur 
sor of these substances, but, as noted above, it has since been shown that it is 
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con\crtcJ in the intc';timl inet inJ in the feces, in \ itro, to stcrcobilin Lemberg s 
use of the term urobilin for stercobilin nnd urobilin 9, a, for the urobilin elerned 
from mesobilirubinoqen is \er\ confusing especnll\ uhen it is considered thit the 
stcrcobilin is )ust ns mucli n 9, o, dcri\iti\c It is held, tlicn, thit the most suit- 
able classification is ns follows 


Bilirubin 

I Urobilin 9, ft ' 

Urobilin I 

I Stcrcobilin ' — 

It IS rcadil) seen from the diagram in figure 1 that urobilinogen (as represented 
b) mcsobilirubinogcn plus stcrcobilinogcn) will be increased in the feces in the 
presence of an increased rate of hemoglobin catabolism, and decreased under con- 
aersc circumstances, or when there is an interference with the outflow' of bile, so 
that less bilirubin is permitted to enter the intestine Thus in the hcmol)tic ane- 
mias, the amount of urobilinogen in the feces is markcdl) increased, while in 
hj-pochromic anemias, which arc often associated with a throttling of the rate 
of blood destruction, the amount is commonly decreased In biliary obstruction, 
cspcciallj that due to cancer, little or no urobilinogen may be present in the feces 
Urobilinogen is reabsorbed from the colon into the portal circulation and returned 
to the liver In the presence of liver in)ur) or lowered function of the liver cells, 
varjing fractions of the urobilinogen returning in the portal blood arc refused and 
go over into the general circulation to appear in the urine, so that urobilinogcnuna 
may be an evidence of diminished hepatic function If bilirubin is prevented from 
entering the intestines because of interference with the outflow of bile, urobilinogen 
will not be formed and hence will not be found in more than traces in cither feces or 
urine This is highly characteristic of jaundice due to cancer of the extrahepatic 
biliary tract For further details relating to the clinical aspects of urobilinogen ex- 
<^ction, a number of publications which have appeared within the last ten years 
may be referred to 

II THE SERUM BILIRUBIN AND BILIRUBINURIA 

As noted in part I, it has been shown that bilirubin is attached to the albumin 
fraction of the scrum proteins This docs not say, however, that it has become 
detached from the original globin of the hemoglobin molecule It was also noted in 
part I that the ultra-centrifugal and electrophoretic behavior of globm is entirely 
similar to that of albumin, so that if the bilirubin were still attached to globin, one 
Would expect to find it with the albumin fraction =®Thcamount of globin, of course. 
Would be relatively so small that it would be difficult to detect in the very much 
larger amount of albumin It is logical to suppose that bilirubin which is attached 
to Its Original globin, as indicated in parentheses in figure 1, is responsible for the 
delayed or indirect van den Bergh reaction Ducsberg s postulation of a bilirub- 
inglobin IS quite in accord with the careful studies of Coolidgc^’’ which indicated 


Mcsobilirubinogcn 1 

] > Urobilinogen 

- Stcrcobilinogcn j 
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that the indirect reacting bilirubin was attached to the albumin fraaion b\ an 
actual valence bond v^hlle the prompt reacting tj-pc is a dissociable complex with 
some protein in the serum albumin fraction As indicated in figure bilirubin is 
di\ csted of Its protein on passing from the li\ er sinusoids to the bile Whether this 
IS a function of the Kupffer or the polygonal cdls of the liver is not known Ac- 
cording to figure z the prompt or i' reacting bilirubin returns from the bilecapillarj 
to the blood in regurgitation jaundice Another possibilit} , which cannot be ei 
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10 X A Concept or the Physiologic Basis tor the Prompt akd Delayed van den Beroh Reactiovs 
As See-n in Retentiov and REOcTKorTATiov Jaundice, RESp£cn\’BLy 


eluded at present, is that the protein is removed b} the Kupffer cells after which the 
bilirubin is refused b) the poljgonal cells and passes into the blood cither bj wa) 
of the Ijmph or more direct!} One may well ask wh) the bilirubin docs not be- 
come as tightl} bound on returning to the blood from the bile as it was before going 
through the Kupffer or the liver cells, or both This cannot be answered with 
ccrtaint} , but it ma) be due to the fact that bile is weak!} alkaline, and it is not 
unlikcl} that the bilirubin in the bile is the sodium salt “ Since the sodium would 
replace the h)drogcn of rhe nvo carboYjl groups, it would cffcctncl} present ans 
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recombination witli protein, hut it would probibl) not prevent a loose adsorption 
It IS neccssarv to assume that the latter occurs, since the prompt direct reacting 
bilirubin, as well as the indirect t) pc, is found w ith the serum albumin fraction 
Another point of interest is the chloroform-insolubilitv of the prompt reacting 
bilirubin and the relative chloroform-solubilitv of the indirect or dcla)cd reacting 
bilirubin At first glance it w ould seem that this ought to be just the opposite, 
since It has been postulated that the latter is tightl) bound to protein On closer 
inspection, however, it is rcadilv appreciated that while the sodium salt is chloro- 
form-insoluble, It would nevertheless exhibit a prompt reaction with the van den 
Bergh (diazo) reagent, the sodium probablv acting to hasten the coupling (see 
below) Convcrsclj , the chloroform might verj well be expected to displace the 
globin and thus dissolve or extract the dcla)cd or indirect reacting bilirubin 
Hunter‘s has shown that pure bilirubin suspended in water or alcohol docs not re- 
act with the diazo compound but that the addition of as little as i per cent of 
CHClj quickl) achieves solution and formation of the azobilirubin This indicates 
a striking alTinitj of chloroform for bilirubin, quite possiblj formation of a mo- 
lecular compound 

The attachment of protein prohabl) affects the t)pe of van den Bergh reaction 
onl} in an indirect w aj , since it is rcasonabl) certain that the diazomum compound 
does not attach at the carbox) 1 groups The exact mode of formation of theazobil- 
irubin IS unknown It has been suggested that a furan ring forms by junction 
ofthevinjl and hjdroxjl groups of pjrrol nucleus IV (see fig i), thus providing 
a CH group for reaction with the diazomum salt It ma) be noted, however, that 
mesobilirubin, which is obtained b) reduction of the vinjl groups of bilirubin to 
ethyl groups, and which, therefore, docs not have a structure permitting of furan 
ring formation, nevertheless couples with the diazomum salt Furthermore, 
biliverdin, which still has vinjl groups,’ docs not couple ’ Bilirubin, mesobili- 
rubin, and mcsobilirubinogcn, all of which react with the diazo reagent, differ 
from the biliv'crdin in havung a central methylene rather than a methene bridge 
This in Itself suggests that the coupling occurs on the central mcthjlene bridge, 
and in the ease of mesobilirubin it has been shown that the molecule is split in half, 
each of the two resulting dipyrryl methenes having coupled with a molecule of the 
diazomum compound ’ Owing perhaps to an increase or decrease, respectively, in 
the negativity of the charge of the central methylene bridge in the conjugated 
system which the bilirubin molecule represents,’ coupling with the diazomum 
chloride might be expected to be hastened if the bilirubin were a sodium salt, de- 
layed if the carboxyl groups were bound to globin The effect of alcohol in the in- 
direct reaction might be explained as a loosening of the attachment to protein 
(whether valence bond or adsorption), thus removing its deterring action on the 
coupling of the methylene group with the diazomum salt It is conceivable that 
the alcohol causes an interchange of sodium with protein, on the carboxyl groups 
Another possibility is that the alcohol simply carries the diazomum salt to the 
methylene bridge much more quickly than it could otherwise get there owing to 
the physical interposition of the large protein molecules This would be in better 
agreement with Coolidge s belief that the alcohol serves as a catalyst, a belief 
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based on the finding that after addition of alcohol to bilirubin containing scrum to 
make a 50 per cent concentration, -is in the Malloj-Eveljn procedure,” the biliru- 
bin was still attached to the serum albumin fraction 
Snider and Reinhold” have questioned the existence of anj essential dilfcrcncc 
between the prompt direct and the delayed or indirect reacting t)pcs of bilirubin, 
on the ground that the apparent difference is one of amount onl} Hotseter, if one 
plots the reaction curve of an icteric serum with the diazo reagent, the presence of 
two substances having different reaction times, is clearly indicated (fig 3) If there 
were but one substance reacting with the diazo compound, a typical parabolic re 
action curve would be expected The contrast between the composite curve of re 
action of the prompt and delayed components with the diazo compound, as com 
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Fic 5 Reaction Cukvie of Peosipt and Delayed Direct Reactino Serum Biurubin Compared \yrrn 
Htpothetical CParabouc) Curve of a Sinole Biurubin vnru the Diazo Reagent 

pared with the hypothetical curve of but two substances is shown in figure 3 It is 
evident that the change from an almost vertical to a much more horizontal line 
represents a change from one order of reaction to another, thus indicating the 
presence of two substances Similar data have been provided by others On the 
basis of the reaction curve shown in figure 3, it is quite evident that a measurement 
at one minute is synonjmous with the prompt reacting bilirubin, and that for 
practical purposes one need onl) measure the one minute and the total,'’' the latter 
employing alcohol in accordance with Malloj and Evel}n s procedure 

No information was available in the literature as to the relative fraction of the 
total scrum bilirubin comprised b> the one minute or prompt direct reacting type, 
in normal individuals Data for 17 normal medical students arc given in table i 
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From this it is c\ iclcnt tint the upper limit of normal for the i' bilirubin is unlikcl) 
to exceed o x mg per 100 cc It is beliexed tint this x nlue should be studied more 
intensnch with relation to the earlier stages of Iner in)ur), particularly of the 
intrahepatic bile duct sxstem, leading to regurgitation )aundice Similarlj, it is 
thought that T — i', or the difTcrence between the 1' or direct and the total bili- 
rubin, probabl) expresses the retention of bilirubin (globin) b) the hepatic cells 
Thisxaluc, in other words, is regarded as a measure of retention jaundice The data 
gixen in table 2. rexeal quite clearlx the characteristic difTercnces xxhich arc cn- 
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countered in cases of relatively pure retention jaundice as contrasted with regurgi- 
tation jaundice of various causes Slight elevations of the 1' bilirubin are noted in 
each of the former group Whether these represent a beginning conversion of the 
delayed to the prompt reacting type, in other words, a slight overlapping, or 
whether an actual regurgitation due to mild liver injury, cannot be determined 
In any event, the striking difference between the two groups, and the correlation 
of the i' bilirubin with bilirubinuna, is obvious 

It IS seen from table t . that in none of the cases of retention jaundice was it pos- 
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siblc to demonstrate anj bilirubin in the urine The sensitnc Harrison spot test'' 
\sas used in all instances Repeated attempts to detect bilirubinuria Mere made in 
case I, exhibiting a total serum bilirubin content of 14 8 mg , Mith buto 59 me of 
i' bilirubin, )ec in no instance tsas a positive test obserted From this it is clear 
that the renal threshold for bihrubm is not related to the let el of the delated or 
indirea reacting tj^ie This is in accord asith the belief that this t)-pe is combined 
with globm It appears probable that the renal threshold is related rather to the i' 
or prompt reacting t)"pe In this connection it maj be noted that \shile the concept 


Table 2_ — The i' and Tefal Serum Btlmltn tn Cases «/ lUtenfien As Cenrrasted uish Refxr^ifjiien JaanJi 1 
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of a correlation between the qualitative direct van den Bergh reaction and bihrubi- 
nuria has been appreciated in the past, the statements in the literature relating to 
renal tlireshold have quite generally been based upon the total bilirubin, and v hen 
reference has been made to the direct reacting tj-pe a distinction between prompt 
and dela} ed components has been lacking The data in table i raise the question of 
the renal threshold for the i' bilirubin Experience thus far indicates considerable 
indnidual variation This is revealed in the representative data given in tabic } 
All of the bbscrvations recorded in tabic 3 were made as the jaundice was dimin 
ishing Nccfc and his associates®* have obscnxd bilirubinuria in cases of hepatitis 
at much lower scrum bilirubin levels, during the prcictcric stage This suggests 
that at least in some cases the renal threshold for the i' bilirubin maj be much 
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Tahlc 3 — Djtj* Rf/j/ttir, to t/*e RenjI Tlrtshold of the i' and Total Btltruhnts 
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* Some of these data were obtained during a study of hepauus earned out at the Schick Gen- 
eral Hospiul, Chnton, la , at the request of the Surgeon General s Office, War Department 


lower at the outset than at later stages of the disease A low renal threshold may 
Well explain the dark urine which is so pften noted during the prodromal stage in 
cases of hepatitis, and which, in the cases without jaundice, may constitute the 
only sign of regurgitation of bile It is quite likely that Budd was referring to such 
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instances when he said, in 1846,'*' the colouring matter of bile ma) be detected in 
the urine, c\ cn before the skin becomes jellow, and in some cases the readiness with 
which It passes off in the urine, seems to present the occurrence of jaundice — the 
skin retaining its natural color while the tint of the urine attests the presence of 
bile The data in table 3 reseal again, quite clearl), that the total bilirubin is 
commonly above xo mg per 100 cc in cases of jaundice due to liscr disease, ssjth 
out demonstrable bilirubinuria The lossest IcseJ of the 1' bilirubin in this group, 
at which bilirubin ss’as present in the urine, ssas o 7 mg (case 17) Intcrestinqlt 
enough this svas the earliest instance of jaundice in the group, a case of hepatitis 
studied soon after onset Data have been made asailable* from another case of 
hepatitis studied on the first da) of jaundice, in ss'hich similar results sserc oh 
tamed This svas in a male of x8 svho complained of anorexia, nausea and somiting, 
feser and discomfort in the right upper abdomen, all of sescrai da)s duration On 
the da) that he svas first studied a slight icterus svas belies ed to be present and 
bilirubin ssas detected in the urine, although the 1' bilirubin ssas o 6 and the total 
bilirubin o 9 On the next day the 1' bilirubin had risen to 1 x and the total to x 3 

It IS also of interest to observe in the data shown in table 3 char during the latt. 
defers cscenc stage of the jaundice due to hepatitis, bilirubin ma) disappear from the 
urine at surprising!) high levels, es'en of the 1' bilirubin The outstanding example 
of this apparent alteration in renal threshold is noted in case 8, a negative urine 
bilirubin ssich a i' bilirubin of 3 o mg per 100 cc In the main, bosses cr, the thresh- 
old in the defers cscenc stage is betsveen o 8 and i 3 mg 

III THE ERYTHROCYTE PROTOPORPHYRIN 

The presence of free procoporph)Tm in the et) throc) tes ss as first reported b) s an 
den Bcrgh and H) man in 19x8 This observation svas soon confirmed Sub 
sequent studies has e indicated that one or more of at least three factors appear to he 
concerned in determining the amount of protoporph)Tin svhich svill be found in the 
crythroc) tes of a given individual These arc as follosvs (i) Increased rcticuloc) tc 
percentage, or normoblastic hyperplasia in the bone marrosv, the term normoblast 
indicating onl) the later stage of crjThropoiesis in svhich hemoglobin manufacture 
is under sva) Ql) The presence and degree of iron dcficicnc) or of factors inter- 
fering ssith the utilization of iron in the synthesis of hemoglobin, as for example, 
lead (3) The formation of protoporph) rin from hemoglobin in the crythroc) tes 

It has been ampl) demonstrated that the reticuloc) tes are rich in protoporph) - 
rin^’ but that the procoporph)Tin concentration of the red cells is not als\a)s 
correlated svith the rcticuloC)tc percentage In induced hcmol)tic anemia, as for 
example in acute phcny]h)drazinc anemia of the rabbit, the reticuloc) te curves 
closcl) follow those of protoporphyrin concentration On the other hand, in cases 
of pernicious anemia follosved before, during, and after liver therap), it was 
shown^ that the peak proto{>orph)Tin concentrations were usuall) reached some- 
time after the peak reticuloc)Te response (sec fig 4) This finding will be con- 
sidered in more detail below It is in accord with the previous observations of 

* Through the courtesv of Capt Emanuel Rappaport, M C A U S Chief of the Gastrointevtmal 
Service Schich General Hospital Clinton lovva 
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Scggcl and co-workcrs'^ on the percentage of fluorescytes as affected by liver 
therapy in pernicious anemia According to this and the studies of Chytrek^® and 
others, the fluorescytes are red blood cells exhibiting a red fluorescence in ultra- 
violet light, presumably due to their content of protoporphyrin 
The normal range of concentration of the EP (erythrocyte protoporphyrin) is 
from 15 to 407 per loo cc of erythrocytes,"® usually belo-w 30 7 Values up to 40 7 
are noted in apparently healthy females but are correlated vs^ith mild reductions in 
hemoglobin and hematocrit percentage probably on the basis of blood loss during 
menstruation ‘® Iron deficiency anemia is characteri2ed by marked increases often 



Fio 4 Erythxocyte Protoporphyrik Concentration, REncuLoevTE Percentage, Hemoglobin in 
Graais per ioo cc. of Blood, and Hemoglobin Concentration of the Erythrocttes Before and 
After Liver Extract Therapy in a Case op Pernioods Anemia (From Watson, Gnnstem, 
and Hass kinson Studies of protoporphyrin IV J Clin Investigational 69,1944) 

C S , M, 53 

* laser concentrate, 10 units per cc , intramuscularly, on May 10, this dose ssas repeated on May xy 

of 10 to 10 fold In the main, a rough inverse relationship exists in these cases be- 
tween the hemoglobin concentration of the red cells and the amount of protopor- 
phyrin (table 4) It IS seen, however, that in certain instances (cases 51 and 52.) the 
values are not as elevated, in spite of a more severe anemia and greater reduction of 
hemoglobin concentration, as they are in others (cases 37 and 44) The impression 
has been gamed that a better correlation exists with the degree of chronicity as 
indicated by the history, and by the presence of the epithelial changes associated 
with iron deficiency, 1 e , dry hair and skin, changes in the finger nails, glossitis, 
dysphagia Cases 37, 44, and 47 were illustrative 
The EP in pernicious anemia in relapse is uniformly within the normal range 
This IS shown by the data in table 5 These values are in striking contrast to the 




Table 5 — Erjtbmjte Pnteperfbysn m Ptmmeus Antmta (Rtlapit') 


Case no 

V 

Hemoglobin m 
Gm per 100 cc 

Hematoait (%) 

MCC 

Reticulocjte 

(%) 

Protoporph>7m 
In 7 per 100 cc 
of cr>throoies 


5 o6 

18 7 

2-7 I 

z 0 

2-9 

1 

9 o 

^•3 

- 39 2 

0 9 

2-3 

3 

5 o 

17 

32- 

I 0 

29 

4 

5 o 

19 

x6 3 

0 3 

XI 

S 


37 


I I 

25 7 

6 

3 44 

II 

32 2. 

0 3 

16 

7 

7 8 

^5 

32 2- 

0 5 

23 5 

8 

lo 45 

38 

2-7 5 

0 G 

xo 

9 

4 63 

*5 

32 

1 1 

xo 

10 

6 8 

5 

32 6 

0 7 

27 

II 

8 07 

1-7 

3 ° 

I 8 

xo 

IX 

3 44 

11 

32 2. 

0 I 

30 3 

13 ' 

6 95 

1-3 

30 X 

I 0 

xo 

14 

8 8 

xx 

40 

I 0 

27 

IS 

4 67 

15 

32 

7 I 

35 


findings in the vast majority of anemias of other types, notabl} the iron deficiencj 
anemias and the refractor) or hvpioregenerative varietj Of the seven cases of rc- 
fraaorj anemia listed in table 6 , it is seen that five had considerabl) elevated EP 
values It is appareht that iron defiaenC) was not the cause of these elevations, 
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Since the mean corpuscular hemoglobin concentrations were either approximately 
normal or within the normal range The cause of the elevation in these cases is not 
at all clear It is evident that the increase cannot be ascribed to an increase in 
reticulocytes In case 59, for example, the reticulocyte count was o 8 per cent with 
an EP of 74 7 In this instance, the mean corpuscular concentration of hemoglobin 


Table 6 — Erythrocytt Protoforphjrtn tn 'Refractory QHyporegeneratiri or Aplasttc") Antmta 


Case no 

Hemoglobin in 
Gm per 100 cc 

Hematocrit {%) 

MCC 

Reticulocyte 

(%) 

ProtoporphjTm 

ID r per 100 cc 
of eo throcj tes 

54 

6 L5 

19 6 

31 - 

1 - 3 

76 

55 

7 I 

1-3 

31 

0 9 

147 

56 

7 98 

1-7 5 

1-9 

I 0 

36 

57 

5 17 

17 

30 X 

2 . I 

94 

58 


8 



lO 

59 

4 17 


35 

0 8 

74 

60 

8 3 


34 6 

3 1 - 

131 - 


Table 7 — Erythrocyte Protoporphyrin tn Leukemia, Hodgkin s Dijease, Polycythemia, Myeloma, 

Lymphosarcoma 


Cise no 


Hemoglobin ] 


MCC 


Protoporpb>Tm 

Diagnosis 

m Gm per ; 
j 100 cc 

CTlt (%) 

cyte (%) 

in r per 100 cc 
of er> throo tes 

61 

Myelogenous leukemia 

! 8 

15 

30 


17 2- 

3 


1 

78 


Myelogenous leukemia 

8 

65 

30 

8 

x8 I 

0 

3 

1 

56 

63 

Myelogenous leukemia 

9 

OX ' 

34 


x6 5 



1 

40 

64 

Myelogenous leukemia 

10 

65 

31 


34 4 



1 

1 

-48 

65 

Lymphauc leukemia 

IX 


37 


32- 5 




2-3 

66 

Lymphauc leukemia c 

Acquired hemolytic anemia 

6 

15 

M 


2-5 6 

18 



229 

67 

Ly mphaac leukemia 

3 

13 

10 


32- 3 

3 

5 


40 

68 

Mulnple myeloma 

7 

51 

’•4 

5 

32 

3 

4 


116 

69 

Multiple myeloma 

1 1 

5 

38 


30 3 




32 

70 

L) raphosarconia 

6 

94 ! 

M 


i8 6 

1 I 

5 

1 

271 

71 

Hodgkin s disease 

8 

6 



2-7 

4 

0 


44 

7 x 

Hodgkin s disease 

10 

95 

35 

5 

32 

I 

° i 


70 

73 

Polycythemia \era 

17 

5 

64 


2.7 

1 

5 1 


68 

74 

Policy themia lera 

19 

6 

65 



0 

8 1 


40 

75 

Polycy themia vera 



68 


3 ° j 

0 

5 

I 

2-1 

76 

Poly Cl themia lera 



€i 

5 


0 

8 1 

39 

77 

Policy themia lera 

13 

5 


5 

32- 5 

0 

8.| 


46 


Was 35 per cent so that there was no evidence of any iron deficienc) In such in- 
stances as this, it IS possible that the third of the three factors mentioned at the 
outset maj be operative, viz , the formation of protoporphyrin from hemoglobin 
"ithin the erythrocytes Other evidence in favor of this possibilit} is the obsen ed 
increase of protoporphj rin in the erythrocytes upon sterile incubation of blood in 
' itro It IS possible that this might occur wherever red blood cells are sequestered. 
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as, for example, in the splenic pulp Further stud} of this question is needed In a 
previous report,'^ a case of m}eloid leukemia with severe m}elophthisic anemn 
was recorded in which no reticulocytes could be demonstrated in the peripheral 
blood on repeated occasions The color index xvas i o Here it was etident that 
neither iron deficiency nor reticuloc} tes xvere contributing to the presence of the 
protoporph} rin in the red blood cells, the amount of which xsas 43 7 per 100 cc 
It may be inferred that formation from hemoglobin had occurred, although proof 
of this derivation is lacking 


Table 8 — Erythncjte Fretoforfbjnn m Heapjr Mttal Ptisoniti^ 


Case no 

Diagnosis 

Hemoglobin 
m Gm per 
100 cc 

Hemafo- 
' CTit {%) 

1 

1 MCC 

Reticufo' 

' cjterc) 

1 Proroporph^rin 
m 7 per 100 cc 
of eo throc) tes 

1 

79 

Pb poisoning 1 


34 

i -9 4 

14 € 

' MO 

80 

1 Pb poisoning 

WBm 

18 5 

35 7 

J 9 

470 

Si 

1 Arrhnns panent rcccinng gold 
thcrap) 

9 45 

2-7 

33 1 

07 

107 


Table 9 — EiytbrvQtt PretoporpbjTtn tn Htmtlytic Jaandict 


Case no 

Hemoglobin m 
Gm per 100 cc 

Hematocrit (%) 

XI CC 

Reticuloc> tc 

c%) 

Protoporph) r!n 
m 7 per 100 cc 
of eothroQles 

l6 

IL I 

37 

3- 7 

7 1 

48 

17 

5 35 

’■I 5 

IS 

49 7 

144 

i8 

9 

33 


7 1 

60 

19 

6 75 

M 

1-9 

31 

86 

IjO 

II 7 

31- 

33 

5 9 

37 

LI 

1 73 

8 

34 

5 3 

4’- 

IZ 

8 15 

31 5 

l 6 

8 1 

111 


An EP value of 30 y per 100 cc of erythrocytes has recently been observed in a 
case of advanced hepatic cirrhosis in which there was also a severe anemia of 
macrocytic, but nonhemolytic type ((cccs urobilinogen 43 rag per da} , reticulo- 
cytes o 8 per cent) The sternal bone marrow in this case was scanty and difficult to 
obtain, normoblasts were relatively scarce, and no megaloblasts were seen No 
benefit was observed from liver extract therapy This is one of the few instances of 
anemia thus far observed in which the EP value was within the normal range, 
although pernicious anemia was excluded 
Of the group of cases in table 7, case 68 is of particular interest, since this patient 
was thought at first to have pcrmcious anemia, the peripheral blood exhibiting 
macroqTOSis and an almost normochromic state The high EP pointed to another 
diagnosis, and the bone marrow aspiration subsequently revealed the t}pical ap- 
pearance of multiple m}eloma rather than pernicious anemia It is of interest to 
note that of the five cases of pol} cythemia vera, the only distinctl} abnormal salue, 
that of 68 7 per too cc in case 73, was associated with a significant lossering of the 
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mean corpuscular hemoglobin concentration to iq per cent This patient had been 
bled repeatedly and undoubtedly suffered from iron deficiency 

In table 8, data from three cases arc given in which elevations of the proto- 
porphyrin in the red cells were associated with heavy metal poisoning Case 80 was 
of particular interest because of the coexistence of peripheral neuritis Occasional 
stippled cells were found in the peripheral blood after prolonged search They were 
more numerous in the bone marrow, which was normoblastic in type The mark- 
edly increased EP in the absence of iron deficiency suggested lead poisoning, and 
upon further questioning it was ascertained that this individual had had consider- 
able contact with tetra-ethyl lead and with batteries while working as a filling sta- 
tion attendant Subsequent study of the urine revealed in the neighborhood of 1000 
7 of coproporphyrin per day, at least ten times the normal range This increase was 
shown to be composed of the type 3 isomer as noted previously in cases of lead 
poisoning 

The EP IS usually distinctly increased in the hemolytic anemias, as contrasted 
with permcious anemia (^see table 9) An unusual case of spheroidocytic hemolytic 
anemia has been studied recently (not included in table 9), in which the reticulo- 
cyte percentage was consistently very low, in the neighborhood of o l per cent 
The EP was 71 7 per 100 cc at a time when the hemoglobin was 4 z Gm , the 
erythrocytes 1,000,000 per cu mm After transfusions the spleen was removed On 
the eighth postoperative day the EP was zo 7 per 100 cc 

The lowest EP value that has been noted in the hemolytic anemia group before 
splenectomy is that of case zo in table 9, 1 c , 37 7 per ico cc This is in striking 
contrast with the regularly lower values observed jn pernicious anemia (table 5) 
In general, the following ranges of concentration are compatible with one of the 


anemias in the group indicated 


Er>throc> te protoporph> nn concentration 

Permaous aneraii 

15-3° 7% 

Hemol) uc anemia 

Refractor) or h) poregeneranve anemia 

Leukemia, Hodgkin s disease m)eIoma 

1 30-1507% 

1 Usual)) 50-100 

Iron defiaenc) anemia 

\ 50-600 7% 

Anemia due to hca\) metal toxiat) 

j Usuall) greater than 100 7% 


DISCUSSION 

The experimental and clinical evidence alrcad) referred to which relates an in- 
creased EP to an increased percentage of reticulocytes is in accord with Stasney s 
direct obsercations of the protoporph}Tin content of the bone marrow “ These 
have indicated that normoblasts contain protoporphyrin in considerable amount, 
while mcgaloblasts (as in pernicious anemia) do not It was prc\ louslj suggested 
that Stasnc) s obscnations might explain the delayed rise of the EP as compared 
tMth the reticulocyte peak following liver extract therapy (sec fig 4) Regardless 
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of whether the pernicious anemia megaloblast is regarded as a precursor of the 
normoblast or as a peculiar and independent cell line which rapidl) disappcnrs 
after administration of liver extract, the delayed rise of the EP is cntircl) com- 
patible with Stasnej s findings One of the chief characteristics of pernicious ane 
mia megaloblasts is the relatively rapid rate at which hemoglobin has developed 
Cells with apparently normal hemoglobin concentration often exhibit relatnel) 
immature nudei This might well be cacrclaccd with a much more complete uti 
lization of protoporphyrin as rapidly as the latter is synthesized, so that at no time 
IS any appreciable amount left free either in the marrow or in the resulting megalo 
cytes which gam access to the peripheral blood All of this may be viewed simpl) 
as T part of the characteristic maturation arrest’ of pernicious anemia bone 
marrow The EP in a typical case of Cooley s erythroblastic anemia (female, aged 
7) was recently determined and found to be 20 7 per 100 cc This finding is of partic- 
lar interest since, if confirmed, it would indicate that protoporphyrin is not formed 
in appreciable amounts at the erythroblast stage The combined available evidence 
indicates that the main formation of protoporphyrin is closely associated, as might 
be expected, with hemoglobin formation in the maturing normoblasts It remains 
to be determined whether the protoporphyrin of the reticulocytes is merely a small 
excess which was left over, as it were, during the synthesis of hemoglobin, also 
what the ultimate fate of this free protoporphyrin is, whether eliminated or built 
up into additional hemoglobin in the circulating erythrocyte 
Because of a co-precipitation of brilliant cresyl blue and protoporphyrin, in vitro, 
at pH 7 3, It was suggested in an earlier paper” that protoporphyrin might be 
fundamentally related to the supravital staining of the reticulocytes The sub- 
sequent finding that an increased EP might be observed without a high reticulocyte 
percentage appeared to make this possibility less probable In no instance, however, 
has aa clcraccd rcaculocytc coaac been noted without a distinct increase of the 
EP If one considers the factors mentioned at the outset — 1 e , (i) increased reticulo- 
cyte percentage or normoblastic hyperplasia, (z) iron deficiency or interference in 
iron utilization, and (3) liberation of protoporphyrin from hemoglobin in intact 
crythroq’^tes, as in the splenic pulp — then it is evident that, depending on which 
factor was of chief importance in a given case, the protoporphyrin might be ex- 
pected to be free or bound to protein If the increased EP were related simply to 
increased normoblastic activity in which, owing to acceleration of crythropoicsis, 
small fractions were not being put together into hemoglobin, one might well ex- 
pect that the protoporphyrin would be free With the remaining factors mentioned, 
protoporph}Tin would probably be bound to protein but not to iron, in which 
event it might be expected to elevate the value in the chemical determination but 
have no effect in the supravital staining process While this is admittedly specula- 
tive, It indicates the need of further investigation, as well as the general direction 
which It should take 


SUMMARY AND CONCLUSIONS 

The transition of hemoglobin to bile pigment, at least under normal conditions, 
IS believed to occur via an intermediate bilivcrdin-globin-iron (verdohemoglobin) 
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and not over the stages of hematin and protoporphyrin It is probable that the 
next step is a reduction to bilirubin with splitting off of iron There is much reason 
to believe that the globin remains attached until the bilirubin passes through the 
liver cell, btltrubtnglobm exhibiting a delayed or indirect van den Bergh reaction and 
not being excreted in the urine, the sodtum btUrubtnatc of the bile exhibiting a 
prompt (i') van den Bergh reaction and being readily excreted in the urine The 
former type is characteristic of retention, the latter of regurgitation jaundice 
The appearance of bilirubin in the urine is believed to be related to the con- 
centration in the blood of the i' or prompt bilirubin, rather than that of the total 
bilirubin It is evident that the threshold may be considerably lower at the onset of 
jaundice, as, for example, in hepatitis, than during its defervescence This undoubt- 
edly accounts for the appearance of bilirubinuria prior to recognizable jaundice in 
certain instances, likewise for its presence in the cases of so-called hepatitis with- 
out jaundice In retention jaundice marked elevation of the total serum bilirubin 
IS unassociated with bilirubinuria, in these cases the increase of bilirubin is mainly 
of the delayed or indirect reacting type Further evidence is presented of the essen- 
tial difference between the i' or prompt, and the T minus i', or delayed and in- 
direct reacting bilirubins This consists of a change of the order of reaction at one 
minute after adding the diazonium salt The normal upper limit of the 1' bilirubin 
has been shown to be in the neighborhood of o a mg per 100 cc , figures well below 
this value are usually obtained 

Further experience with the erythrocyte protoporphyrin in the anemias has 
revealed that this determination, quite apart from its fundamental interest, is at 
times of diagnostic value Thus in several instances a significant elevation of the 
erythrocyte protoporphyrin has indicated that the imtial impression of pernicious 
anemia was incorrect, and has led to the search for other information Conversely, 
a low normal value in the presence of anemia has often correctly indicated or con- 
firmed the diagnosis of pernicious anemia Marked elevations have aided in con- 
firming the presence of iron deficiency and have given some insight into the degree 
of Its severity and chronicity In certain cases, high values for the erythroci te 
protoporphyrin have suggested the possibility of heavy metal toxicity, the exi'-t 
ence of which has then been borne out by subsequent study 
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THE CARDIOVASCULAR SYSTEM IN ANEMIA 
With a Note on the Particular Abnormalities in Sickle Cell Anemia 
By Maxwell M Wintrobe, M D 

T hat the cardiovascular system is influenced by anemia is generally recognized 
Almost sixt^ years ago StrumpelP noted palpitation as one of the first symp- 
tons of severe anemia He observed that breathing is hurried, otving to a feeling of 
air hunger and shortness of breath, and that a feeling of oppression in the breast is 
characteristic Bamberger’ nearly a century ago pointed out that cardiac enlarge- 
ment IS found in many patients suffering from anemia The extent to which the func- 
tional activity of the cardiovascular apparatus is affected by anemia, however, is 
not so generally appreciated Changes in the heart and circulation develop in part 
in response to needs arising from the lack of hemoglobin and thus of oxygen per 
umt of blood, and in part as a result of the influence of the anemia on the heart 
Itself 

Rapid development of anemia is accompanied by shortness of breath, tachycardia, 
and pallor Very severe anemia, if produced quickly, as after severe blood loss, re- 
sults in shock Here we deal with a failure of adjustments to the lack of oxygen- 
transporting material as well as with the effects produced by a sharp reduction in 
total blood volume In cases in which serious cardiac damage is already present, 
coronary thrombosis or cardiac failure has been known to develop after severe 
hemorrhage ’ In chronic anemia, on the other hand, a severe grade of anemia seems 
to be well tolerated in many instances This is no doubt due to the maintenance of 
an essentially constant blood volume as well as to the opportunity for physiologic 
adjustments It is to cardiovascular manifestations associated with chronic anemias 
that chief reference will be made here 

In chronic anemia the symptoms may be merely moderate dyspnea and palpita- 
tion, or there ma) be tach)cardia and precordial pain Physical findings may in- 
clude edema of the ankles, apical sjstolic murmur, lateral displacement of the left 
cardiac border, downward extension of the liver border, basal systolic murmur, 
basal rales, and In er tenderness In a series of 300 cases of pernicious anemia. Carter 
and Traut^ found these sjmptoms and signs appearing in frequency in the order 
named 

Scacral wTiters^ have reported cases in w'hich the initial and presenting com- 
plaints in a case of chronic anemia were those of congestne cardiac failure, and every 
internist of some experience can recall such cases In the Indian Medical Service, 
Gunew ardene'^ called attention to the frequency of heart failure in ancy lostomiasis 
In these cases treatment and cure of the infection and the associated anemia were 

From the Department of Medicine Universin of Utah Salt Lahe Cm, read before the Fif- 
teenth \nnual Graduate Sv mposmm on Heart Di<ca-;c Heart Committee of the San Francisco Tubercu 
lo'is \v<ociation San Franciw O^t -6 1944 
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accompanied b\ disappearance of S) mptoms of failure, reduction in size of the heart 
and disappearance of the murmurs 

Herrick (1918)’ t\as one of the first to call attention to the association of perni- 
cious anemia and angina pectoris Carj Coombs® in 1916 found this combination in 
9 of a senes of 36 cases of pernicious anemi-i In Cabot s cases® it \%as demonstrated 
that the s} mptoms of angina occurred in persons shotting no changes in the corn 
nar) arteries Pickering and Wajne'® described cases of mtennittent claudication as 
well as angina pectoris in association ttith anemia, and Zimmermann" has also 
reported angina pectoris in association with severe anemia There is no doubt that 
in man) of the reported cases, the background for the detelopmcnt of cardiac dts- 
function existed before set ere anemia developed Net ertheless, the sjmptomatic 
improvement that follotted relief of the anemia, speaks for the significance of the 
anemia in precipitating the cardiac s) mptoms Thus in 6 of Pickering and Waj nc s 
8 cases, the anginal pain did not continue after the anemia ttas cured, and the 
tolerance to exercise improved as the hemoglobin level rose Claudication disap- 
peared permanentl) in 6 of 7 cases after relief of the anemia Significant also in 
regard to the role of anemia as a cause of angina is the fact that, among cases of 
angina associated tt ith anemia, females have presented this s} mptom as often as or 
more often than males, this is in marked contrast to the sex incidence of angina 
associated \Mth organic heart disease Furthermore, the mortalit} of anemic pa- 
tients \Mth angina is low — approximate!) from 3 to 10 per cent as compared with 
about 40 per cent for cases of anginal pain associated with organic heart disease 

Cardiac enlarge, iient in anemia, without other etiologic basis, has been obserted 
repeatedl) The largest heart w^eighed 710 Gm * Porter'® obsened a heart weighing 
630 Gm in a man w ho died of hookw’orm anemia The heart is often s) mmctricall) 
enlarged German and Austrian clinicians of the nineteenth centur) studied this 
subiect and noted that the heart became smaller when the anemia was relieted 
The return to normal size ma) occur within a ver) few' w’ceks Cardiac enlarge- 
ment has been observed more frequenrl) in patients with particular!) low hemo- 
globin lev els and also in children, as well as in the oldest age groups This has also 
been demonstrated in association with anemia produced b) hemol)sis and in anemia 
produced experimental!) , as well as in miscellaneous forms of anemia The greater 
the degree of the anemia, the more likel) is the heart to decrease in size after im- 
provement Dilatation as wxll as h)'pertrophv must be a factor in the cardiac en- 
largement It seems likel) that anemia of short duration results in cardiac dilatation 
that can be complctcl) overcome with relief of the anemia, whereas in cases of long 
duration h)'pertroph) takes place 

That systolic nunniirs frequentl) dev elop in patients suffering from anemia is well 
known In one series' of cases, apical s)Stolic murmurs were the most frequent, in 
another,'® the murmurs were equall) divided between the apex of the heart and the 
area about the second or third interspace to the left of the sternum Next in fre- 
quenc) are aortic s)stolic murmurs, these are high-pitched and blowing in charac- 
ter In children" the apical svstolic murmur raa) be transmitted to the axilla and 
ev en to the back Diastolic murmurs, though much less frequent, ma) occur in the 
absence of organic heart disease The usual diastolic murmur is earl) and blowing 
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in character and is best made out in the third left interspace near the sternal border 
It may be basal or apical in location Diastolic murmurs have been described only in 
association with very severe grades of anemia 

In many cases of severe anemia, electrocardiographic changes have been noted ^ 
The most common change is depression of the R-T (S-T) junction, with a u shaped 
deformation of the S-T segment and flat or inverted T waves, but without corre- 
sponding changes in the QRS complex The changes are in no way specific and 
resemble those known to occur in severe cardiac anoxia (coronary insufficiency) or 
those seen when toxic myocardial effects are present They often resemble the 
changes produced by digitalis (changes in the ventricular gradient of the heart 
muscle) Changes in the deviation of the electrical systole (Q-T interval) and dis- 
turbances in AV conduction have been noted occasionally Such alterations in 
electrical conduction have been observed chiefly when the anemia was very severe, 
with a hemoglobin level of 4 or 5 Gm or less Reversal of these changes when the 
blood was restored to normal has occurred 

In any given case of anemia the manifestations related to the cardiovascular 
system will naturally depend on many factors, namely (i) the degree of anemia, 
(l) the rapidity of development of anemia, (3) the age of the patient and the capac- 
ity of the cardiovascular system for adjustment, (4) the previous state of the cardio- 
vascular system 


THE physiologic ADJUSTMENTS TO ANEMIA 

In the accompanying diagram (^fig i) an attempt is made to indicate the physio- 
logic adjustments to anemia that take place in the cardiovascular system This is 
purely schematic, for the exact details and quantitative relationships have yet to 
be worked out Important contributions on this subject have been made by Blum- 
gart and his associates,'® by Stewart and his co-workers,'® and by a few other inves- 
tigators The most recent study of note is that of Sharpey-Schafer The 

clinical evidences of an adjusting circulation in cases of anemia are to be found in 
the rapid heart rate, increased arterial pulsation, increased pulse pressure, and even 
capillary pulsation in the finger tips Sharpey-Schafer,^® noting this hyperkinetic 
syndrome, as Harrison calls it, described pistol shot sounds over the arteries in 
his cases, positive Duroziez sign, and systolic murmurs on auscultation of the 
eyeball 

An increase of cardiac rate and in the velocity of blood flow results in greater 
minute-volume output The circulation time is reduced It has been shown repeat- 
edly that the cardiac output is increased in anemia This may be preceded by a rise 
in pressure in the right auricle At what level of anemia a significant increase oc- 
curs IS not so certain Some investigators set this level at 50 per cent hemoglobin 
The increase in cardiac output when the hemoglobin has fallen to 30 per cent has 
been said to be as much as ico per cent Emploj ing the cardiac catheterization tech- 
nic and the direct Pick method, Sharpej-Schaler"® observed cardiac outputs varj ing 
from 7 4 to 13 4 liters per minute in cases of posthemorrhagic anemia with hemo- 
globin levels that varied from 2.5 to 68 per cent, as compared with a normal average 
cardiac output of 5 3 liters per minute 
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The falling viscosity of the blood, lowered arterial blood pressure, and decreased 
peripheral resistance tend to reduce the work of the heart According to the studies 
of Stewart, Crane, and Deitnck’® in 5 cases of pernicious anemia, various opposing 
factors operate so that the work of the heart is not inacased in spite of inacascd 
cardiac output The total blood volume may be slightl} reduced in anemia,'* al 
though It IS not lowered as much as is suggested by the fall in red cell volume, 
because plasma volume increases to some extent Whether or not the work of the 
heart is increased in any case probablj depends on additional factors and ma) di/Fer 
from case to case The fact that the heart has been found to be enlarged and h) per- 



Fio I Schematic Diaoeam of Pbt»iolooic Adjvcthentt to Anesha 
At first these are so balanced that work of heart is not changed With increased demands for adjust 
ment, reserves of bod) are encroached upon and cardiac failure may ensue 

trophied in a number of cases of anemiajias led to the assumption that the work of 
the heart has been increased Cardiac hypertrophy in anemia has also been atributed 
to insufficient oxygen supply to the myocardium 

Increased ox) gen utilization represents another means of physiologic adjustment 
to anemia By this is meant the removal by the tissues of a greater proportion of the 
oxygen carried to them Of the 18-zi volumes per cent of oxygen carried by the 
arterial blood, no more than 5 5 volumes per cent are ordinarily given up in the 
^capillaries to the tissues Were it not for increased oxygen utilization, cardiac out- 
put vv'ould have to reach even higher figures to maintain an adequate oxygen 
supply The arteriov'enous oxy gen diffcrcncehasbeen observed-" to fall in anemia to 
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between 19 and 41 cc per liter, as compared with a normal average of 45 cc per 
liter 

When the hemoglobin level of the blood is low, say about a third of normal, only 
6 volumes per cent of oxygen are being carried by the blood When anemia of this 
degree has developed, even if oxygen utilization is verj^ greatly increased, the 
amount of oxygen available is seriously reduced Furthermore, much of the oxy gen 
load of the blood in such a case would be supplied to the tissues at a very low pres- 
sure — 6 volumes per cent minus, for example, approximately 5 volumes per cent 
— which would result in anoxia, since this pressure is too low to be efficient An 
increased circulation rate is beneficial here, because each unit of blood probably^ 
gives up a smaller proportion of its oxy^gen load, and thus oxy gen is delivered to the 
tissues at a higher pressure than would otherwise be possible Thus the arterio- 
venous oxygen difference, although it may at first be greater because of increased 
oxygen utilization, subsequently^ is reduced because of changes in circulation rate 

In anemia the vessels of the skin may be constricted, thus forcing a greater 
proportion of the blood through other regions The oxygen consumption (basal 
metabolic rate) may be increased Several investigators have noted a decreased 
vital capacity of the lungs The reason for this is not evident, unless it is due to the 
presence of an increased amount of blood in the lungs coincident with an increase 
in the rate of blood flow 

The physiologic adjustment in anemia may be so efficient that a patient with 
only I 5 Gm of hemoglobin and 8 cc volume of packed red cells per 100 cc of 
blood, can manage to get out of bed and walk slowly about the room I have seen 
a nurse permit such a patient to go by herself to the bathroom, and it was I who 
was shocked, rather than the patient, when I discovered how anemic the latter 
was 

It must be evident, however, that the physiologic adjustments resorted to by the 
anemic individual call for considerable encroachment on the reserves of the body' 

It is not surprising that such a patient may become short of breath on exertion or 
that symptoms of cardiac failure or of angina may appear The edema found in 
association with anemia may be due to this cause, or to hypoproteinemia, or it may 
be independent of these Venous pressure is not usually increased in cases of anemia 
unless congestive cardiac failure is present According to the studies of Strauss and 
Fox,'® anemia per se, in some unexplained way, may be a factor conducive to water 
retention 

Much further study is required to determine whether the physiologic adjustments 
that have been described take place in all types of anemia * Most of the studies here- 
tofore have been made in cases of pernicious anemia Blumgart and his associates'® 
found that the velocity of the pulmonary blood flow was relatively slower in pa- 
tients with anemia associated with carcinoma than in pernicious anemia at corre- 
sponding levels of hemoglobin For this reason, they concluded, dyspnea, signs of 

* The excellent studies b) Brannon, Merrill Warren, and Stead Q Clin Intestigation 331, 
' 945 ^ Sharper Schaefer (Lancet a. 196 1945) published since this paper was written, show 

clcarl) that increased cardiac output increased ow gen utilization and decreased peripheral resistance 
arc present in cases of set ere anemia 
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congestive fmlurc, peripheral edeniR, wenkness, nnd cjnnosis lire fre^uentl^ more 
pronounced in patients with carcinoma than avould be expected on the basis of 
anemia, malnutrition, or toxicit} This is a problem for further in\ cstigation 

SICKLE CELL ANEMIA 

There is one ry pe of anemia that deserves special mention when the relation of the 
heart to anemia is being considered This is sickle cell anemia This strange disor- 
der, seen — with certain rare exceptions — only in the Negro race, is characterized 
by the peculiar sh-'pe assumed by the red corpuscles when they arc deprned of 
oxy gen The symptoms of this anemia are like those of any chronic anemia, but in 
addition the patients may suffer from attacks of severe pain in various parts of the 
body , especially in the extremities and about the joints This complaint may appear 
following an upper respiratory infection, and may be accompanied by aching, head- 
ache, epistaxis, and pleuritic chest pain Since fever is often associated with these 
attacks of pain, and leukocytosis is a characteristic part of the picture of this 
hemoly tic type of anemia, the similarity to an acute inflammatory process is quite 
striking The joints may' be somewhat swollen and warm and the symptoms migra- 
tory The condition has often been mistaken for rheumatic fever because of the 
peculiar manifestations relating to the heart Even during quiescent states when no 
pain or fever was present, these patients have in error been regarded as having 
chronic valvular heart disease, particularly mitral stenosis The first such case that 
came to my attention was that of a young Negro girl in whom the physical signs 
relating to the heart were so striking that several clinicians stated most emphati- 
cally that she must have rheumatic heart disease with mitral insufficiency and 
stenosis At autopsy only a diffusely enlarged heart with normal valves and 
pericardium was found 

Cardiac enlargement has been observed in at least 76 per cent of cases of sickle 
cell anemia -- The heart is enlarged both on the right and on the left, it may be 
globular in shape, or the pulmonary conus may be very prominent Cardiac mur- 
murs have been heard in at least 87 per cent of cases The first sound at the apex is 
louder than normally , although it is not snapping in character A systolic murmur, 
located best at the apex, is usually maximal early in systole It may obscure the first 
heart sound The second sound at the apex is often accentuated and a third heart 
sound IS often heard early in diastole Late in diastole there may be a murmur, and 
this presystolic murmur may blend with the first heart sound A systolic murmur 
may' be present in the pulmonic region and may be louder than the mitral murmur 
The second pulmonic sound is usually accentuated and may be split Diastolic 
murmurs at the base are rare 

In these patients pulsations may be prominent in the neck, the precordium is 
ovcractive — a phenomenon that is accentuated by a thin chest wall A diffuse, w avy 
impulse may be readily visible in the fourth, fifth, and even sixth intercostal spaces 
to the left of the sternum If the pulmonic conus is prominent, there may' be a visible 
impulse and occasionally there is a bulge in the second and third interspaces to the 
left of the sternum The point of maximum impulse is not well localized but is 
forceful and rolling, and there is a prccordial lift A diastolic tap may be felt in the 
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pulmonary area A systolic thrill may be felt over the precordium and the vessels of 
the neck The electrocardiographic changes noted have been similar to those 
found in other types of anemia 

It IS sometimes impossible to distinguish sickle cell anemia from acute rheumatic 
fever, or its cardiac manifestations from those of rheumatic heart disease In Ne- 
groes the presence of sickle cell anemia should be suspected and the blood should 
be examined for sickle cells If these arc found, the probability is that one is dealing 
with sickle cell anemia rather than with rheumatic fever It is noteworthy that in 
the former the red corpuscles often do not settle out rapidly in the sedimentation 
test, probably because of their abnormal shape Furthermore, careful inquir}^ maj 
reveal that the pains in the extremities arc localized more in the bones than in the 
joints Roentgenograms may reveal characteristic changes in the bones Finally, 
salicylate therapy is usually of little value in sickle cell anemia 

Unlike other types of anemia, sickle cell anemia is extremely chronic, the patient 
often going about with a red cell count of less than x million and rarely of more 
than 3 million, with little variation for eight, ten, or even fifteen years One may 
ask whether the striking cardiac manifestations of sickle cell anemia may not 
represent in an extreme degree an exaggeration of the cardiovascular adjustments 
to anemia that we have described as occurring in anemia in general 

Besides this possibility there is another It has been suggested** that circulatory 
stasis in the small vessels of internal organs, muscles, and other tissues is the pri- 
mary and the most perilous consequence of the sickle cell trait Such stasis may be 
produced by the peculiar deformities of the red corpuscles and may put an added 
burden on the cardiovascular system One of the many curious features of this dis- 
ease IS the extreme tortuosity of the blood vessels, which can often be observed in 
the ocular fundi *’ This may be due to a congenital anomaly, one may also ask 
whether it could be caused by circulatory stasis Cases of sickle cell anemia have 
been described in which numerous disseminated occlusions of the small pulmonary 
arteries were found and cor pulmonale was produced ** In these cases the small 
arteries were found to be lengthened, tortuous, hyalinized, and thrombotic — 
features revealing that these arteries had probably been subjected to severe, pro- 
longed strain 

Whatever the mechanism may be, the heart in sickle cell anemia represents the 
extreme form of the heart in anemia 

SUMMARY 

The symptoms and signs referable to the cardiovascular system that are associated 
with anemia are discussed, and the physiologic adjustments to anemia that take 
place in the cardiovascular system are considered The capacity for adjustment 
when anemia de\ elops gradually , appears to be very great The remarkable changes 
found in the cardiot ascular system in cases of sickle cell anemia may be the result 
of adjustments to severe anemia of exceptional chronicity 
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OBSERVATIONS ON THE EFFECT OF MASSIVE DOSES OF IRON GIVEN 
rNTRA\TENOUSLY TO PATIENTS WITH HYPOCHROMIC ANEMIA 


By Anne Tompkins Goetsch, M D , Carl V Moore, M D , and 
Virginia Minnich, M S 

P ARENTERAL administration of iron is impractical, dangerous, and unneces- 
sary as a therapeutic procedure ’ * It has, however, proved to be a valuable 
method for studying iron utilization and excretion both in animals and in human 
subjects with hypochromic microcytic anemia 

Poison’ and Cappell,'’ for instance, observed that iron injected in rabbits, mice, 
and white rats was first taken up by cells of the reticulo-cndothelial system but later 
redistributed in the liver, spleen, lymph nodes, and other tissues, where it remained 
for a period of months Flahn and Whipple,’ ® Widdowson and McCance, ' and 
Copp, Greenberg, and Cuthbertson® made an important contribution to the under- 
standing of iron metabolism by demonstrating that only small amounts of iron are 
eliminated in urine, bile, and feces after parenteral administration In this way it 
was shown that the body has only a limited capacity for excreting iron except 
through hemorrhage 

Utilization of injected iron salts for hemoglobin synthesis has been studied in 
iron-deficient human subjects and in dogs Whipple and Hahn’'> found that when 
from io8 to ii6 mg of iron as colloidal ferric hydroxide was given intravenously 
during a two day period to dogs made anemic by induced chronic hemorrhage, 
only from 55 to 70 per cent of the total dose could be recovered in the liver and 
spleen twenty-four hours after the last injection The tissues in which the remain- 
ing iron was deposited were not identified, but quantitative conversion of all of the 
injected iron to newly formed hemoglobin was observed in other animals that were 
given even larger doses of iron (yco mg ) and not sacrificed for tissue studies 
Heath, Strauss, and Castle' gave daily intramuscular injections of 8, 16, or 32. mg 
of iron as iron citrate green for about ten days to 15 patients with hypochromic 
anemia The resultant increase in total circulating hemoglobin indicated that an 
average of 96 per cent of the metal had been utilized for hemoglobin synthesis 
Therapeutic effectiveness, however, was no greater for the 32. mg daily intramuscu- 
lar injection than for a daily oral dose of loco mg of iron in the form of iron and 
ammonium citrate For this reason, and because of the severe roxic reactions en- 
countered, the authors concluded that it is undesirable to give iron parenterally 
Fowler and Barer® obtained a somewhat different result when they gave 100 mg of 
iron citrate green daily by intramuscular injection until from 139 7 to 304 8 mg of 
elemental iron had been injected in 4 patients with hypochromic anemia Because 
no hemoglobin regeneration was observed, and because subsequent oral administra- 
tion of iron was follow'ed by more rapid hemoglobin regeneration than usually 
occurred in their patients, the authors postulated that the injected iron might have 

From the Department of Internal Medicine, Washington Universin School of Mediane, St Louis 
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been used to restore depleted tissue iron Earl} clinical cvpcncnce m ith parcntcrallt 
administered iron has been summarized b} Stockman 

The ]n\cstigations described in this report \%ere undertaken in an attempt to de- 
termine the maximum hematologic response that could be induced b\ iron therap\ 
in patients with h}'pochromic anemia It uas feh that parenteral administration of 
an amount of iron sufficient to restore the circulating hemoglobin of iron-deficient 
subjects to normal would probabl} constitute a maximal stimulus to hemoglobin 
s} nthesis According!} , this amount (fromo 60S to 1 32. Gm } of elemental iron nas 
gn en intras enousl} in one injection either as colloidal ferric h} droxide or as colloi- 
dal ferric oxide to each of S patients with h}'pochromic anemia The reticuloc\ tc 
response, rate of hemoglobin regeneration, and the percentage of utilization were 
followed Three subjects without anemia were used for control obsertations 

Since comparabl} large amounts of iron have not pretioush been injected in 
human subjects, careful preliminar} stud} was made to demonstrate that the infu- 
sions could be tolerated It was determined that the lethal dose of intra\cnousl\ 
administered colloidal ferric h} droxide for dogs nas much greater than that of 
simple solutions of salts like ferrous chloride This seemed a logical result, because 
the colloidal preparation is removed rapidly from the blood stream, presumable b} 
the reticulo-endothelial cells, while soluble iron salts in doses of i mg or more per 
kilogram of bod} weight require tveelvc hours or more for remoeal " Hahn and 
Whipple** furthermore reported no toxic reactions folloeving dail} intraeenous 
administration of 50 mg of iron as colloidal ferric h} droxide to dogs until 700 mg 
had been given We imtiall} injected 3X mg of iron, and eehen it teas found that 
this dose was tolerated b} several patients, the amount gn cn v,as increased to ico 
mg and then b} several additional increments to ^00 mg The larger doses used in 
this stud} were tried onl} after the above mentioned preliminar} observ ations had 
been completed 

Each of the S patients had a reticuloc} te response that was significant!} greater 
than is usual after optimal oral thcrap} Since no rise in renculoc} tes developed in 
the control subjects, the rcticuloq tosis cannot be regarded as nonspecific The 
dail} rise in hemoglobin averaged o 2^.4 Gm per 100 cc , the lowest regeneration 
rate observed was o 16 Gm per da} and the highest o xy Gm It was calculated that 
from yx to 99 per cent of the injected iron was utilized for hemoglobin formation 
All of the patients improv ed in a dramatic manner The toxic reactions during and 
immediatel} following the injections of iron, however, were severe and often 
alarming In 3 other patients, administration had to be discontinued after 70, 1x3, 
and I So mg rcspectiv el} had been giv en, because the S} stolic blood pressure fell to 

60 mm of mercur} or less and signs of peripheral vascular collapse developed All 

of the patients except x had distressing reactions The toxic effects of parenteralh 
administered iron were certainl} severe enough to preclude its use for therapeutic 
purposes except under most unusual circumstances 

METHODS 

Red blood cell counts, rcticulocv tc counts, and hemoglobin determinations were 
made dail} on capillarv blood The Trenner red blood cell pipets and the counting 
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chambers were certified by the United States Bureau of Standards Hemoglobin was 
measured by the oxyhemoglobin method described by Evelyn Both wet and dry 
preparations*’ were used for reticulocyte counts, and the results obtained by the 
two methods were averaged At intervals of from two to five days, venous blood 
was drawn for determination of packed red cell volume*’ and of iron in serum *^ 
Blood volume was measured in 8 cases by the Evans blue dye technic *’ 

Eleven patients with hypochromic anemia were selected, each with a mean 
corpuscular hemoglobin concentration of from xi to 19 per cent The lowest imtial 
red blood cell count was x 70 million per cubic millimeter, the highest, 4 69 mil- 
lion, the average, 3 59 million Initial hemoglobin values averaged 6 5 Gm per ico 
cc , with a range from 3 8 to 9 i Gm (table i) In 10 of the ii patients, the anemia 
was caused by chronic blood loss attributable in 8 cases to menorrhagia and in x to 
bleeding from the gastro-intestinal tract The remaining patient was a young 
woman, X5 years of age, who had physical signs of hypogonadism (case 4) Her 
menarche had not appeared until she was 17 years old, her menstrual flow had 
always been scanty, and amenorrhea had developed one month before her admission 
to the hospital No other cause of blood loss could be found, but her diet had been 
inadequate Three subjects who had no anemia, no evidence of blood loss, and no 
hematologic abnormalities were used as controls 

After a control period of at least five days and in some instances several weeks, 
each of the patients was given slowly, by intravenous drip, a single injection of 
colloidal ferric hydroxide* (cases 1-6, 8, ix-14) or of colloidal ferric oxidcf (cases 
7, 9-1 1) The former preparation contained 3 x mg of elemental iron per cubic 
centimeter QpH 3 8) and the latter 3 5 mg per cubic centimeter (/)H 3 5) From o 608 
to I 3X Gm of iron was given, the dose was calculated in each instance to provide 
enough iron to raise the hemoglobin level from its initial value to one that approxi- 
mated the normal for the individual For this calculation, the determmed blood 
volume was used in all instances but two (cases 4, 9), in which it was estimated to 
be 80 cc per kilogram of body weight The hemoglobin was assumed to contain 
o 334 per cent of iron The three control subjects were arbitrarily given o 8, i co8, 
and I 008 Gm of iron Injection was made at the rate of from 10 to xj drops per 
minute, so that a period of from two to five hours was required for the admimstra- 
tion Pulse rate, respiratory rate, and blood pressure readings were obtained at least 
once every fifteen minutes, and the patients were observed careully for any evi- 
dences of toxic effect 


RESULTS 

A Tox!c: Manifestations during and immediatel;^ after Iron Infusion ■ — Administration 
of a massive dose of iron was attempted fifteen times but was discontinued in three 
patients (cases 9, 10, ii) because of toxic manifestations The twelve successfully 
completed infusions were given, one to each of 7 patients and 3 control subjects, 
and nvo i\ith an interval of four months to i patient (case 3-a, b) All of the sub- 
jects except X (cases 4, ix) developed reactions during the injection, and even these 

* Obtained through the courtcs\ of the William S Mcrrcll Comp2n% Cmaorati 
t Obtained through the courtes\ ofjohn W)cth and Compan\ , Philadelphia 
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* Iron injected as colloidal feme hydroxide in patients i-6, 9, and control patients ia-i4, as colloidal feme oxide in patients 7, 8, 10, ii 
t Scrum draw n for scrum iron immediately after completion of injection 
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two persons had fever and nausea several hours later In general, the reactions were 
similar to those described by Heath, Castle, and Strauss,* but apparentU more 
severe Within a few minutes after the intraa'enous drip was started, patients noted 
nasal stuffiness, a desire to sneeze, lacrimation, paresthesias, flushing of the face, 
and, less frcquentl) , palpitation and pounding headache The) often complained of 
sensations of swelling and stiffness of the tongue and face The paresthesias con 
sisted of burning or tingling, usuall) m the tongue and hands, but sometimes in- 
volving the whole body Nausea occurred avich fourteen of the fifteen injections, in 
half the instances it appeared from one to two hours after the administration had 
been completed In the more severe reactions, vomiting, diarrhea, abdominal or low 
back pain, and transient fall in blood pressure developed These manifestations 
could not be prevented by administration of o 0006 Gm of atropine, but almost 
always disappeared when the rate of flow was decreased The fall in systolic pres- 
sure was usually not greater chan from 20 to 30 mm of mercury, but in three 
instances was alarming (to 60 mm of mercury in two instances and to 30 mm in the 
third) These latter 3 subjects were the ones in whom the injection was stopped, 
they also had severe abdominal pain, low back pain, vomiting, and diarrhea 
Tachycardia was observed ten times, sensation of substernal oppression twice 

Venous blood withdrawn immediately after the iron had all been given showed 
that a variable amount of hemoconcentration had occurred (packed red cell volume 
increased from 10 to 20 per cent), but gave no evidence of hemoglobinemia All the 
subjects, including the 3 controls, developed fever shortly after the injection had 
been finished, in twelve instances, it was associated with a chill Rectal tempera- 
tures rose to between 38 and 39 5 C but returned to normal within from six to 
eight hours The vein into which the iron was injected always became thrombosed 

On the da) following the injection most of the patients complained of a profound 
sensation of weakness Within forty-eight hours, however, this had entirely disap- 
peared and their appetites were as dramatically improved as arc those of patients 
with Addisonian pernicious anemia after liver thcrap) Two subjects developed 
severe pleural pain after twent) -four and forty-eight hours respectively, no friction 
rub could be heard and there was neither clinical nor roentgenologic evidence of 
pulmonar) infarct or consolidation These symptoms disappeared slowly No other 
late reactions of any kind were observed 

The pharmacologic explanation for these reactions is not clear The changes pro- 
duced by the nvo different preparations used were qualitative!) and quantitatively 
similar The) resembled nitritoid reactions and speed shock **That the latter 
probably docs not provide the explanation in this instance is suggested, since (1) 
the severity of symptoms did not alway s parallel the speed of injection, and (1) the 
toxic manifestations were similar to those observed when much smaller amounts 
of iron arc given intramuscularly * They arc probably evidences of a heavy 
metal effect 

B Keticuloc^tc Response The reticulocytes usually began to increase within forty - 
eight hours after the injection and reached the peak values of their response in from 
five to eleven days The highest value observed was zq 7 per cent (case i) The in- 
crease was significantly greater in every^ instance than is the usual response to oral 
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iron thcrap) This is well demonstrated in figure i, in which the maximum levels 
are charted against the values given by Minot and Heath*'^ for the reticulocyto- 
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SIS to be expected after optimal oral therapy Minot and Heath found that the 
height of the reticulocyte rise when iron is given orally to patients %\ith hipo- 
chromic microcytic anemia is, in general, inversely proportional to the initnl 
ery throcy re and hemoglobin levels They observed, however, that the relationships 
are less constant than in pernicious anemia after liver therapy From table 1 and 
figure 1 It can be seen that there was no correlation in our nine instances of paren- 
teral iron therapy between the initial hemoglobin and the rcticulocy tc peak The 
number of cases is too small to permit any conclusions to be drawn, the observation 
IS merely^ recorded 

No reticulocytosis occurred when comparably large amounts of colloidal iron 
preparations were given to the 3 control subjects (cases 12.-14) The response, there- 
fore, was not nonspecific 

Of special interest are the reticulocyte rises observed in the 3 patients who re- 
ceived only moderate doses of iron because of the interruption of the injection A 
rcticulocy te peak of 10 1. per cent in patient 5 followed the injection of 1 80 mg of 
iron, a rise to 16 6 per cent occurred in patient 10, who received izy mg , a rise to 
III per cent was observed in patient ii, who received 70 mg It is apparent, when 
these figures arc compared with Heath s curve, that 70 mg of iron given paren- 
tcrally can cause a reticulocyte response as great as would be expected following 
optimal oral therapy In i patient (case 16), o 8 Gm of ferrous sulfate was given 
orally each day, beginning on the twenty-second day after the small parenteral 
dose of iron, a second reticulocyte rise to 13 per cent occurred 

C Rau of Hemoglobin Regeneration — The hemoglobin level in most instances be- 
gan to rise within three or four days after the iron had been injected, increased 
rapidly during the subsequent two weeks, and then rose more gradually as the 
values approached the normal for the individual subject This is well illustrated 
by the results obtained in case 6, which arc graphically recorded in figure 3 This 
man s hemoglobin increased at a rate of o Z7 Gm per 100 cc of blood per day In 
other patients, values from o 16 to o 17 Gm were obtained The average rate was 
o 2J2a} Gm These figures arc based on eight complete periods of observation in seven 
patients The value for the eighth patient in the series is not included because she 
failed to return for observation after the first week There was no direct correlation 
between the initial hemoglobin and the rapidity of hemoglobin regeneration (fig 
z) In the nvo patients who showed the most rapid response (cases i, 6), the initial 
hemoglobin levels were 6 i and 9 i Gm , with erythrocyte counts of z 99 and 4 z6 
million cells per cubic millimeter The lowest rate of regeneration was seen in case 
5, in txhich the initial hemoglobin was 8 9 Gm and the red blood cell count 3 91 
million In several of the patients (cases 3, 5, 7) the figures obtained for the daily nsc 
in hemoglobin were probably lower than the true values, because hemorrhage 
occurred during the period of regeneration However, since a maximal (or nearly 
maximal) stimulus to hemoglobin sy nthcsis was used in these patients, it seems fair 
to assume that the observed rates of regeneration were also nearly maximal The 
assumption is supported by the fact that hemoglobin increases at about the same 
rate after hemorrhage, or after liver therapy in patients with pernicious anemia 

Observations made by other inxestigators of therapeutically induced hemoglobin 
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regeneration in patients with iron deficiency anemia arc summarized m table 1 
These data indicate that in general the rate of synthesis was greater with the lower 
initial levels of hemoglobin Even so, with oral therapy, the most rapid rates of 
increase were slightly above o 7 . Gm per day, although Rcznikofi^ stated that he 
had observed an occasional patient in whom the increase was as rapid as o xg Gm 
per 100 cc per day This is certainly unusual, however, and the great majority of 
the figures fall below o x Gm per day Data for the response to parenteral therapy 
arc much more meager, but Heath, Castle, and Strauss' found a rate of o X96 Gm 
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per ICO cc per day in 3 subjects who had been given 03X Gm of iron daily , in the 
form of iron citrate green, by intramuscular injection Attention is called to the 
fact that the figures summarized in table x arc not strictly comparable The rate of 
hemoglobin rise slows as the hemoglobin value approaches normal The actual 
period of time used for calculating the average daily increase after therapy has been 
started may alter the \ alue considerably This period \ arics in different reports and 
many authors do not give the data at all 
D LitiliTiatioii of Injected Iron — Utilization of the injected iron as calculated from 
the determined (seven times) or estimated (one time) blood ^olumc showed an 
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aicrage ucilizanon of So S per cent, Mith \anation of from 71 S to 99 7 per cent 
The result obtained following the second administration in ease 3 (b) is not in 
eluded in this as erage, because the patient had a massn e hemitemesis and cpistaxis 
during the regeneration period As was the case uith the rates of hemoglobin rise, 
these figures are lo\ser than the) should base been, because hemorrhage occurred 
in cases 3, 5, and 7 Thc\ arc, furthermore, subject to the influence of w hates cr 
errors arc inherent in the determination or estimation of blood s olumc Net erthe 
less, the results confirm obscrsmtions of other ss others to the effect both that paren- 
tcrall) administered iron is almost completcl) retained b) the bods and that it 
isquantitatiscl) cons erted into hemoglobin * ‘ '103 of Heath s cases,* the percent- 
age of utilization ssas less than 70, his as erage salue ssas 96 per cent, because the 
figures for ccscral other patients sserc abose 100 per cent 

E Changes in Sent n Iron Values — Scrum iron determined in ses cn instances immc- 
diarcl) after the iron injections ranged from o 6zz to 3 86 mg per ico cc This last 
figure IS amazingl) high and has ncsxr before been recorded for a human subject 
Thcsalucs remained elesated after ns ent) -four hours but subsequent! \ fell roles els 
bcloss the normal range in 3 subjects (cases 3-a, 4, S) and to normal in 4 (cases 3-b, 
6, 7) This latter result svas not unc\pected, since the bod) s dcficicncs of iron 
ssas at least largel) corrected b) the infusion Initial scrum iron s alucs sserc alss as s 
loss 


SUSIMARl AND CONCLUSIONS 

Massisc doses of iron (from o 60S to i jz Gm as colloidal rcrric h)dro\idc or 
colloidal feme oxide) sserc gisxn intrascnousl) in single infusions to S different 
patients ssnth hspochromic microc)tic anemia One patient ssas giscn a second 
injection after an inters al of four months, so that nine administrations sserc made 
The follossing obscrsarions sscre made 

1 The rcticuloc) cc response ss as higher in each instance than ss ould be expected 
in oral thcraps In 3 additional patients in sshom injection had to be discontinued 
after o 070, o iSo, and o 113 Gm of elemental iron had resjjcctisel) bcengisen, the 
reticulocs tc rises sserc higher than ssxrc the as erage responses reported b) Heath'* 
after optimal oral therap) This at least suggests that optimal oral thcrap) docs 
not pros idc a maximal stimulus to outpouring of rcticuloc) tes from the bone mar- 
ross Comparable doses of iron gis cn to 3 control subjects ss ith normal hemoglobin 
levels did not cause a reticulocs rosis 

z The as erage rate of hemoglobin regeneration per 100 cc of blood per das "as 
o XL4 Gm , the lossest salue ssas o 16 Gm and the highest o zj Gm These figures 
svcrc calculated for the rise that occurred from the da) of iron administration to the 
time at sshich the rate of hemoglobin increase ssas obsiousl) becoming slosscr 
Since correction "as not made for blood loss in 3 of the patients during the period 
of regeneration, the figures for the rate of hemoglobin formation arc losscr than 
the) othcrsvisc "Ould hare been Esen so the) arc distinctls greater than those 
usuall) obtained follo" ing oral therap) (table i), but no greater than is found in an 
occasional patient given iron b) mouth The data suggest that the fastest rate of 
hemoglobin regeneration that can be stimulated bs iron in subjects ssith h)po- 
chromic anemia approximates o 3 Gm per ico cc per da) 
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3 Calculations indicated that from 71 8 to 99 7 per cent of the injected iron was 
apparently used for the synthesis of hemoglobin These figures are likewise lower 
than they would have been if several of the patients had not lost blood during the 
recovery period The observation of other workers that parenterally administered 
iron IS almost completely retained by the body and converted into hemoglobin was 
therefore confirmed 

4 Toxic reactions to the injected iron are described in detail They were severe 
in all but two instances, and in 3 patients were so alarming that injection of iron 
had to be discontinued There can be no doubt that the reactions to iron parenter- 
ally administered in large doses arc great enough to contra-indicate use of this 
measure as a therapeutic procedure 
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ERYTHROBLASTOSIS FETALIS IN THE FIRST-BORN 
Prevention op Its Most Severe Forms 
By Philip Levine, M D , and R K Waller, M D 

A S a result of our knowledge of the pathogenesis of erythroblastosis fetalis, 
a new diagnostic procedure, testing for the Rh factor, has been made avail- 
able ^ ^ Another outcome of the early work was the recommendation’ that human 
anti-Rh agglutinins derived from mothers of erythroblastotic infants are far pref- 
erable to experimental anti-Rh blood immune serum, which, by and large, is now 
no longer used * Tests with potent diagnostic anti-Rh scrums were recommended 
for all women -vsith a history of fetal or neonatal morbidity, in order to prevent 
intragroup transfusion accidents, and for the selection of Rh negative blood for 
the affected infants of Rh negative mothers The findings presented below indicate 
that future emphasis should be placed on the prevention of iso-immunization by 
transfusions in the group of Rh negative female patients at any time prior to possi- 
ble pregnancies 

Eo-immumzation by the Rh factor occurs m two groups of cases, namely, (i) 
Rh negative individuals after repeated transfusions of Rh positive blood, (x) Rh 
negative women immunized by Rh positive fetal blood A third group may be 
mentioned in which both factors, transfusions and pregnancy, arc operative 
This paper deals mainly with selected cases of the third group m which iso- 
immunization was initiated by transfusions and, after a variable interval, became 
intensified through pregnancies Evidence is presented which indicates that the 
combined action of both factors in the order given served to mcrease the number 
of infants with erythroblastosis fetalis as well as the severity of the condition in 
the infant f 

It IS now generally accepted that <yi. per cent of all cases of erythroblastosis 
fetalis result from (i) immunization of the Rh negative mother by Rh positive 
fetal blood, and (x) subsequent action of maternal anti-Rh antibodies (agglutmins 
and blocking antibodies) on the susceptible Rh positive fetal blood The obstetric 
histones of mothers of erythroblastotic infants reveal that this condition occurs 
in the first-born only very rarely Obviously, one or more pregnancies with Rh 
positive infants are required to induce a sufficient degree of iso-immunization 
Once an Rh negative woman is immunized, each successive pregnancy with an 
Rh positive fetus results in increasingly severe forms of erjThroblastosis fetalis \ 

From the liboratorics of the Ortho Research Foundation, landen N J 

* In the statistical studies on the pathogenesis of cr) throblastosis fetahs, human anti Rh scrums verc 
used e\clusi\cl) 

t For a preliminar) report, cf Levine ^ 

t In this paper the terms Rh positive and Rh negaove refer to reactions with the diagnostic scrum of 
choice, 1 e , anti Rhc which detects about gi per cent of all instances of iso-immuniration b) the Rh 
factor It IS not ads isable for the clinician to commit to raemon several tcrmmologies based on the action 
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The observation in 1944 of a )Oung Rh negative woman, aged 10 (case 1, tabic 
t), whose first pregnancy resulted in the most severe form of erj throblastosis 
fetalis— fetal h} drops— suggested the possibilit) that the patient was ahead) 
immunized at the time of her first pregnanc)'- On being questioned, she stated that 
at the age of 6 (fourteen years before) she had been transfused several times with 
her father s blood Although immune antibodies (anti-Rh agglutinins or blocLing 
antibodies), in contrast to normal iso-antibodies, have a comparatn ely short 
duration in the blood plasma — 1 e , from several weeks to one or more y ears after 
pregnancy — the reticulo-cndothelial cells responsible for antibody production 
probably retain the sensitized state for a long time, if not permanently ' Under 
such conditions, the response to readministration of the same antigen even many 
years later, in the form of either fetal blood or transfusion, is more rapid and more 
intense These cases serve as excellent examples of the phenomenon known to 
immunologists as the anamnestic reaction 

The anamnestic reaction represents the production in response to an antigenic 
stimulus of an antibody that has been produced in the tissues on some previous 
occasion " In the past, most workers were interested mainlv in nonspecific re- 
sponse, but the term is used here to indicate a response to restimulation many 
y ears later by the same antigen, 1 e , the Rh factor In 3 cases published by Levine,' 
the immunization in Rh negauve patients was initiated by^ pregnanq , and many 
years later transfusion of Rh positive blood resulted most unexpectedly in severe 
reactions with varying degrees of oliguria Cases of a similar nature were also 
observed by Weiss * 

In one of the cases aced an Rh neganse woman bom in 1885, had one daughter (Rh positive) in 190^ 
There were no other pregnancies In 1937, the patient had one uneventful blood transfusion from her Rh 
posiuve daughter, given because of mastoidius This addiuonal somulus apparent!) immunized the 
patient, so that in Ma) 1941 four ) ears later when a diagnosis of leukemia was established another 
transfusion of her daughter s blood was followed b) a dcla}ed reaction * A further transfusion from 
another Rh positive donor three months later resulted m a severe reaction and oliguria Ann Rh agglu 
tinins of moderate activit) were found 

Accordingly, the possibility' suggested itself that erythroblastosis fetalis in the 
first-bom might occur far more frequently' if the Rh negative patient had been trans- 
fused at any time prior to the pregnancy, even in her childhood or girlhood This 
X lew could be put to the test in a statistical analysis of the large material tested 
in the y'ears from 1940 to 1945 

In this study', limited to approximately 700 Rh negative women, only twenty - 
eight instances were found in which the first Rh positive infant had cry throblasto- 
sis fetalis t Of these, mneteen mothers gave histones of one or more transfusions 

of other vancncs of ann Rh serums that arc cither important in ver) few cases or not available for dis- 
tnbuuon It 1$, however, neecssar) for the cliniaan to be guided b) consulting with those sttologisti 
who conduct acave research in this field ‘ 

* For a desenpnon of a similar case with a delarcd reaction to a transfusion cf Levine ct al 

■f The madcncc of erythroblastosis fetalis in the first bom cannot be denved from this studv, sine 
complete obstetne histones were not always available 
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at various times prior to the first full term or almost full term pregnancy, and no 
such history could be elicited in a control group of nine mothers By itself, the 
ratio of X I was disappomting, because it was felt that the effects of previous 
iso-immunization by transfusion would be far more striking Further reference to 
the possible role of other immunizing stimuli in the control group will be made 
below In any event, the true state of affairs was revealed by taking into account 
the severity of the condition in the infant These findings are summarized in table i 
These findings seemed to justify the conclusion that previous transfusions inmate 
iso-immunization, which is intensified by the first pregnancy * In nine of eleven 
subsequent pregnancies, the end result was fetal death, while two women are still 
to he delivered The most severe forms, ending in intra-uterme fetal death, are 
twelve times as frequent as mild cases f Assuming that all severe cases can be suc- 
cessfully treated with transfusions of Rh negative blood and by other measures, 
only 7 of the 19 cases could have been saved, in contrast to 8 of 9 cases in the 
control group 


Table i — Erytbroblaitosts Fetalis in the First Infant in Rh— Women 



Transfusion Hi5tor> 


Positive 

Negative 

No cases 

*9 

9 

Seventy of disease 



mild 

I 

4 

sc\crc 

6 

4 

fetal death 

12 . 

I 


The single death in the control group may possiblj be atmbuted to causes other than erj throblastosis 
fetalis The blood ot this pauent Mrs Mar (case 1.3 table 4), group O, Rh negative was submitted b) 
Dr Lowell Erf The patient was 14 years old, and her first pregnancy was to terminate in the middle of 
Not ember 1944 However, she failed to develop spontaneous labor on Dec 4 fetal heart sounds were no 
longer heard, and a medical indiction was started After much difficulrv, a jellovv macerated fetus was 
expelled microscopic secuons revealed that the bone marrow was hyperplastic and that there was 
some extra medullar) hematopoiesis in the spleen and liver The mother developed scpucemia subse- 
quent to a pelvic peritonitis and expired Dec 12. Tests of the mother s blood three da)s prior to her death 
were negative for agglutinins and blocking antibodies 

The essential details in the cases of the nineteen Rh negative mothers previously 
immunized by transfusions are set forth in table x 

Of the nineteen Rh negative women, three (cases 10, 16, 19) had early preg- 
nancies prior to the first full term or almost full term pregnancy with an Rh posi- 
tive infant Two of these had early abortions, while the third had a ruptured 
ectopic gestation These cases can be included in the series, since iso-immunization 
cannot be initiated b} fetal blood unless the pregnancy is so well advanced that 
the placenta presents a sufficiently large surface area of fetal villi to the maternal 

* On a theoretic basis, this possibilit) has alrcad) been mentioned b) Karzin"’ and Mollinson n 
t A high incidence of fetal death was also reported bv Diamond*- in a similar group of cases 
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sinuses ® Furthermore, as the pregnancy progresses, the blood vessels in thevilh 
become large and approach nearer to the maternal sinuses That distinct iso- 
immunization was not induced in the early pregnancies was also indicated by the 
absence of untoward reactions in z of the 3 patients who required immediate 
blood transfusion 

It is significant that the intensity of the hemolytic process in the first Rh positive 
fetus was not influenced by the number of transfusions preceding the pregnancy 
(table 3) 

A few of the cases listed above are selected for additional comment 

Patient Gtv (case a) was transfused nine times uneientfull) in 1940 for ovarian c)st In 1942., in her 
first pregnancy she was delivered of an infant with severe anemia and jaundice The infant was trans- 
fused four times but evpired There were no an i-Rh agglnrinins in rhe mother s serum tested one month 
after the delivery but it ma) be assumed that blocking anabodies had been present 

Patient Me fcase 3) group O, Rh negative, was transfused once because of eveessite blecdmg follow 
ing a tonsillectomy in 1936 Her first pregnancy, in 1941, ended in a full term stillbirth fetal heart 
sounds having ceased m the latter part of the ninth month In 1944 she was again pregnant and durmg the 
course of this pregnancy received a scries of subcutaneous injections of her husband s blood for the pur 
pose of dcscnsitization The end result was another stillbirth When tested in Maj 1944 the pauent 


Table 3 


S«\eru> of Disease 

Immun 
1 transfusion | 

tied b> 

More than 

1 transfusion 

Mild 

0 

I 

Severe i 

3 

5 

Fetal death 

6 

4 

1 

Totals 

i 

9 

10 


w as found to be immunized (anu Rh agglutinins) Her husband w as in group O, Rh positii'C (typ^ ff^i 
Rhi) It IS quite evident that dcsensitization cannot be accomplished b) injccuon of small amounts 
of Rh positive blood It is more likely that these injections could onlj have the opposite effect of incrcas 
ing the degree of iso-imraunization 

Patient Wat (case 9), group O Rh negative was transfused uneventfully twice dunng her first preg 
nanev and once post partum This case can be included in this senes because the first child, bom in 1940, 
was Rh negative and normal The husband (group O Rh, Hr positive) was used as donor rmce These 
transfusions immunized the patient so that two years later her second pregnancy — the first with an Rh 
positiv c fetus — resulted in intra uterine fetal death A third pregnancy resulted m intra ntenne fetal 
death at thirty-one w-ecks Tests eleven months after the last pregnancy revealed the presence of strong 
blockmg antibodies 

Patient Ha (case ii) l 8 years old, group O Rh negative was transfused only once from her Rh posi 
tivc uncle (RhO, m 1935 Her first pregnancy terminated in August 1944, and the infant had a severe 
form of erythroblastosis fetalis This case is significant because only one transfusion, of 9 vears before 
was sufficient to initiate the iso-immunization Tests of the patient s serum seven months after the dc 
livery revealed the presence of weak anti Rh agglutinins 

Patient Sm (case 16) was transfused three times uneventfully in 1939 for an early ectopic pregnancy 
In 1945, the first full term pregnancy was terminated by cesarean section at thirty three weeks and a 
stillborn infant was delivered The patient was immunized, as indicated by the presence of strong block 
mg antibodies As already mentioned, this case can be included m the series because iso-immuniiation 
IS hardly likely to occur in the presence of an early ectopic pregnancy 
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T'tvo piticnts, PI and Ham (cases 8 15) s\ho were transfused dunng the state of actise iso-immumaa- 
tion, suffered transfusion rcacaons and one of them (PI) had complete anuria, from which she finally 
rccoscred This panent subsequentlj had several unetentful transfusions of Rh ncgatise blood 

It was not alwa}s possible to test the blood of the affected infant, but evidence 
of iso-immunization could be obtained in all but three instances, and these were 
studied prior to the description of the tests for blocking antibodies Judging 
from the high incidence of blocking antibodies in the remaining cases, it is safe 
to assume their existence in at least two of the three mothers who were tested 
soon after their deliveries 

In two instances, the affected infant s blood tested at birth failed to agglutinate 
with anti-Rho serums, but their mothers (cases 7, 13) had strong blocking anti- 
bodies that rendered their blood magglutinable with anti-Rho serums In case 7 
the infant s blood reacted with anti-Rh' serums, so that the blood behaved as 
though It belonged to subtype Rh' 

Although histologic evidence to support a diagnosis of erythroblastosis fetalis 
was frequently not available, the selection of the cases can now be accepted on the 
basis of serologic findings in Rh negative mothers who have been immunized, as 
indicated by the presence of agglutinins or blocking antibodies These serologic 
tests were of particular value m cases in which autopsies were not performed or 
in which the tissues were too much macerated to permit of histologic examination 

Of the sixteen fathers tested, three were homozygous for the Rhj factor, as in- 
dicated by a negative reaction with anti-Hr serums ’ Four fathers were Rh 
positive, of the subtjqie RhiRh2 Bloods of this type are heterozygous from a 
genetic viewpoint, but in matings of these men with Rh negative women all the 
offspring must be Rh positive, 50 per cent of the type Rhj and 50 per cent of the 
type Rhj To all intents and purposes, these seven mothers had been deprived of 
an opportunity of having normal offspring as a result of previous transfusion 

Of the remaining nine fathers, only one (case 9) is definitely of the heterozygous 
genot^Tie, Rhjrh, since the first child was Rh negative The blood of four fathers 
was not tested with anti-Rh" serum, so that the outlook for future pregnancies in 
these four matings and in the four matings in which the father is of the type Rhi 
Hr positive could not be determined 

The incidence of an additional incompatibility involving the blood factors A 
and B in this group of cases is 37 5 per cent, or almost identical with that found in 
the much larger group of Rh negative mothers of erythroblastotic infants (35 per 
cent) *" 

THE CONTROL GROUP (nOT PREVIOUSLY TRANSFUSED^ 

As indicated above, it was most surprising to find as manj as nine instances of 
er) throblastosis fetalis in the first full term presumably Rh positive infants m the 
group of mothers not previousl) immunized bj transfusions The pertinent data 
in these cases are presented in outline form in table 4 A few of these cases arc 
selected for brief comment 

Gist 2t Mrs Rci had four pregnancies in the sears from 1941 to 1943 Her blood tested at irregular 
intervals during the last three )cars, alwajs contained anti Rh agglutinins Her first babv had mild 
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erythroblastosis fetalis that required no treatincnt Her second child O34O li»d severe hemolytic sjmp- 
toms and in addition exhibited spasaaty probably indicanve of kemicterus Her third child (1943) 
died after a few dajs of severe anemia and jaundice At this time, Mrs Rei was advised not to become 
pregnant again until her agglutinins had disappeared Unfortunately, the patient soon became pregnant 
while moderately active anabodies were still present Since her husband uas homozygous for the Rh 
factor It was suggested that the arcumstances svcrc such as to justify a termination of the pregnancy 
which was carried out It is quite probable that the intensity of the iso-immunization in cases of this sort 


Table 4 


Case! 
No 1 


1 

PhjsJcian ^ 

Condition i 
of Rh+ ' 

Subsequent 

Pregnancies 

Rh of 
Father 

Anti Rh Antibodies 
ID Mother j 

RemariS 

Se 

cS'-' 

Ck, 

Baby 

Agzlu 
tinins 1 

Blotiing 

20 1 

1 

Dc 

1 

J N Pannullo ' 
Newark V J 

se\cre liNcd 

1 wk 
(1045) 

now pregnant 

/ mo 

Rhi 

negative 


anti Rh m 1943 

1 

21 

1 Re 

1 

1 

R Berman 
Newark \ J 

1 ' 

1 mild (1940 

i 

1 

1942 severe 

kernic 

tcrus 

1943 severe 

death 

J94S early , 

preg 

naDC> 

RhiHr- 

1 raoderat 


on recornmenda 
tion pregancy 

termmated 
never lost tgglu 
tmins 

22 

! 

Ga 

I H Etb 

Toronto Ont 

1 Canada 

I severe death 
2d day 
! flS44) 

j 

Rh.Hr- 

negative 

negative 

father Komozjgous 

23 

Ro 

R E KeUo 
Washington 

D C 

mild fl9t0) 

1 severe death 
m 6 da>s 
kcrnicterus 

RhiHr- 

negative | 

1 

negative 

father homozygous 

24 

1 

25 1 

1 

1 

Sh 

Mar 

C G Hanson 
Cranford N J 
L Erf 1 

Philadelphia j 

1 mild (1944) 1 

[ fetal death 

1 1 


RhiHr- 

1 

1 

negative 

negative 

negative 

1 negative 

1 

father homozygous 

not much evideoce 
of erythroblasto- 
sis term over 
due congenital 
malformation (?) 

25 1 

No 

G V Herrmaa 
[ Kansas Cit> 

Mo 

severe Mon | 
golion 
idiocy ' 

I (1943) 

1944 miscar 

rwge 
W5 normal 

Rh- 1 

Rh,Hr+ 

negative | 

negative | 

1 

1942— miscarriage 
preceding first 
full term preg 
nancy father 
mast be hetero- 
rjgous 

27 

Mo 

G V Hcrrman 

1 Kansas Cit> 

' i\IO 

severe death 
(19-13) 

1945 severe 
jaundice 
transfusion 

RhiHr- 

1 

1 

negative 

1 

m>3erate 

mother transfused 
after first dehv 
try chills and 
fever father ho- 
mozygous 

2B 

ra 

G V Herrman 
Kansas Cit\ 

Mo 

mild 


Rht 

1 

negative j 

D gative 

father not tested 
for Rh' or Hr 


can be diminished b) longer intervals between pregnancies At any rate in carefully selected cases, char 
acterizcd by 0) historj of seicral instances of fetal or neonatal morbidity (2) active iso-immuniiation, 
and (3) a homozygous (clinically or geneticall}* *') husband, further pregnancies should not be en 
couraged In tbe e\ ent that such patients accidental!) become pregnant there is already sufficient clinical 
evidence to justify termination of the pregnancy 

Cast Mrs No had an early pregnanes that terminated in an abortion In her first full term preg 
nancy the infant had severe hemolytic disease as well as the syndrome known as Mongolian idioq 
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This IMS followed by a miscamagc m 1944 and delivery of a full term normal Rh negative infant Ac- 
cordingly, the husband is heterozygous for the Rh factor, and there is good outlook for future normal 
Rh negauve infants 

Case a/ Mrs Mar 5 history is given above and referred to agam because the fetal death in this case, 
the only one m this group, could be attributed probabl> to other circumstances, particularly since there 
was not much pathologic evidence of blood destruction 

Cate rj Mrs Ma s first baby had severe erythroblastosis and died Apr 15, 1943, in spite of four 
transfusions of presumably random CRh posiave) blood During her puerperium, Mrs Ma received one 
transfusion, which was followed by a severe chill and fever In December 1944 the patient became preg 
nant agam, and tests dunng her fourth, sixth, and eighth months of her pregnane) gave no evidence of 
iso-immumzation A specimen drawn one month before delivery contained moderately acuve blocking 
anubodics Accordingly, labor was induced, and the infant was normal at birth (Aug 6, 194)5 butbe- 
came slightly jaundiced in a few hours The jaundice deepened graduall) for thuc)-six hours and then 
receded slowly, probably because the baby was transfused with Rh negative blood within from two to 
three hours after delivery In his letter. Dr Hcrrman wntes I am certain we prevented a more severe 
case, but it can t be proven 

Of the seven husbands tested, five are Hr negative, so that the fetus in each 
succeeding pregnancy must be Rh positive Of the remaining three, one (case l6) 
must be heterozygous One of the patients (case 17) had a severe transfusion reac- 
tion following her first pregnancy 

Apparently this control group as well as the transfused group selects those Rh 
negative women who produce antibodies with great ease The existence of in- 
dividual differences in response to iso-immunization, probably determined by 
genetic factors, was postulated by Levine in order to explain the general low 
incidence of erythroblastosis fetalis, in spite of a high incidence of random incom- 
patible matings ® 

It IS now believed that erythroblastosis fetalis occurs in about one of 150 to zoo 
random full term deliveries ’ This figure, based on Rh tests to detect all 
instances of iso-immunization, is to be contrasted with a value of i case in 438 
deliveries based on clinical grounds only If all Rh negative women responded 
readily to iso-immunization, one should expect erythroblastosis fetalis to occur 
in almost all of the 13 per cent of matings in which the father is Rh positive and 
the mother Rh negative At the same time, erythroblastosis fetalis in the first 
full term Rh positive infant should occur very frequently 

Granting that these women were not transfused, one cannot exclude the possi- 
bility that the iso-immunization in at least some of them may have been initiated 
either many years previously or at any tunc prior to or during a pregnancy by the 
common practice of administering small amounts of blood intramuscularly ■* In 
the days preceding the use of vitamin K, blood was routinely given to the newborn 
infant, or to the pregnant woman in repeated doses * Intramuscular injection of 
blood IS still being used as a form of nonspecific therapy 

* It IS of interest that 3 cases of this group were referred b) Dr Herrman who assured the writer that 
these three mothers were not transfused prior to their pregnanaes In repiv to a quer) regarding the 
possibilit) of intramuscular injection of blood. Dr Herrman writes I m afraid )Ou will have a hard 
time getting correct information concerning intramuscular blood in infanev It has been almost routine 
with some doctors in the Middle West to give intramuscular blood at the time of deliver) espeaall) if 
a difficult labor was anticipated Many of the patients know nothing about it unless their husbands 
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The objection may be raised that the small quantities of blood used for intra- 
muscular injection may be insufficient to induce iso-immunization There is, how- 
ever, considerable support from immunologic literature to indicate that immuniza- 
tion may be stimulated by injection of unbelievably minute amounts of blood or 
other antigens So far as iso-immunization by tbe fetal blood across the placenta 
IS concerned, Levine calculated that the passage of as little as o 13 cc of fetal 
blood IS required to immunize the Rh negative mother Indeed, pregnancy and 
the intramuscular injection of blood provide conditions held to be favorable for 
iso-immunization, 1 e , the continual presence of minute quantities of blood aaing 
over a long period 

By and large, it is not possible to obtain a history of intramuscular administra- 
tion of blood, but in view of its routine and indiscriminate use in the past, this 
procedure must be considered as a possible source of the immunization of Rh 
negative individuals even in infancy or the neonatal period While infants do not 
produce antibodies as readily as adults, these intramuscular injections may at least 
serve to initiate the process In short, it is advisable to avoid this form of therapy 
in Rh negative girls or women unless Rh negative blood is used 

Recently, Wicner“ recommended the so-called biologic test to detect Rh in- 
compatibility * This consists of preliminary intravenous injection of 50 cc of Rh 
positive blood, and comparison with the naked eye of the color of the patient s 
original cittatcd plasma with that of a comparable specimen taken one and one- 
half hours after the injection Aside from the fact that the method is cumbersome 
and not always reliable, it should also be kept in mind that the injection of quan- 
tities of much less than 50 cc of Rh positive blood may cause severe hemolytic 
reactions accompanied by oliguria In the absence of severe reactions, the injection 
of small amounts of Rh positive blood may initiate iso-immunization or intensify 
this process if already induced If the test is to be used to detect incompatibility due 
to finer variations of the Rh factor or other blood factors, these considerations arc 
to be kept in mind The biologic test has very limited value, since the tests in vitro 
(agglutinins, blocking antibodies, slide test of Diamond-^) that will detect almost 
all instances of iso-immunization are less cumbersome, more reliable, and do not 
inconvenience the patient 


GENERAL CONSIDERATIONS 

In the material presented above, two highly contrasting groups of cases were 
selected in order to determine the role of transfusions prior to pregnancy However, 
supporting evidence can be derived from still another group of cases, briefly referred 
to below 

It IS not generally appreciated that the degree of iso-immunization required to 
induce symptoms of the hemolytic disease in the infant is far more intense than 
that required to produce a severe hemolytic reaction in the mother following 


happen to be the donors This practice has been dropped in the last few lears and vitamin K su sti 
tuted There is no reason to telievc that this procedure was limited to an) geographic area 
* This test was used previously as a further check on the grouping and compatibility tests 
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transfusion of Rh positive blood Now that the pathogenesis of erythroblastosis 
fetalis IS established, it is obvious that the hemolytic disease is the result of pro- 
longed intra-uterinc action of maternal anti-Rh agglutinins on the susceptible fetal 
blood Accordingly, one may expect to find instances of Rh negative women with 
anti-Rh antibodies who nevertheless have normal Rh positive children,’ 
while in the following pregnancy the degree of iso-immunization is sufficiently 
severe to produce the hemolytic disease 

In one of the earliest cases studied with Burnham,’ ” the blood of an Rh nega- 
tive mother who had just been delivered of a normal Rh positive infant was found 
to be incompatible with her husband s group-compatible blood Because the 
patient s condition was not serious, the transfusion was not carried out In 1944, 
the patient was delivered of an infant that had a mild to moderate form of icterus 
gravis, with complete recovery One may speculate that had this patient received 
and survived the transfusion of Rh positive blood, the pregnancy of 1944 would 
have ended in fetal death This indeed was the outcome in two Rh negative women 
who were transfused with Rh positive blood following delivery of normal Rh 
positive infants 

Cast 2! Patient McC, 30 ) ears old, blood group B, Rh ncgati\ c, had been married eight years In 1339, 
she had a presumablj normal child whose blood was of group B, Rh posin\e, type Rh After delivery, 
the mother laas transfused with group<ompatible blood Soon after the transfusion was o\cr, the pauent 
had a violent reaction No other details are available In 1943, the patient was delnered of a full term 
fetus that had died tisenn four hours before birth In 1944, when she was tested for the first ome in the 
fifth month of her third pregnancy, strong blocking antibodies were present and, as was to be anncipated, 
the end result was fetal death 

Case }o Mrs So is in group O, Rh negatis c Her first pregnancy was in 1936, and she was delis ered of a 
normal Rh positne infant (Although not tested, the infant was undonbtedlj Rh posime, because the 
father s blood failed to react with anti Hr serums The genotjpc of the father is most likel) RhiRhi ') 
Shortl} after the deliver), the mother reccised two uncsentful transfusions, and it is therefore safe to 
assume that she w as not immunized as a result of the first pregnane) Each of four subsequent pregnancies 
(1938 1939 1943 1945) resulted in fetal death Ann Rh agglutinms were demonstrable scseral weeks 
after the last delis ery 

These z cases cannot be included in the series because it was the second pregnancy 
with an Rh positive fetus that presumably resulted in erythroblastosis fetalis 
In the first case, the first pregnancy probably immunized the mother, but the 
antibody production, insufficient to cause the disease in the fetus, was intense 
enough to induce a severe transfusion reaction In both cases, the additional 
antigenic stimulus of transfusions of Rh positive blood probably induced a degree 
of iso-immunization in the following pregnancies sufficient to induce fetal death 
One may well speculate that if these patients had received Rh negative blood, the 
infant in the second pregnancy might have had a milder form of erj throblastosis 
fetalis 


DISCUSSION 

Soon after the clinical importance of the Rh factor was established, emphasis 
was placed on the prevention of intragroup hemol) tic transfusion reactions bj the 
use of Rh negatne donors for all Rh negative patients already immunized either 



154 


ERYTHROBLASTOSIS FETALIS IN THE FTRST-BORN 


by previous transfusions or by pregnancies For an index of iso-immunizanon, the 
obstetrician tvas advised to be guided mainly by the history of fetal and neonatal 
morbidity An additional preventive measure that now becomes imperative is the 
exclusive use of Rh negative blood for all Rh negative patients to be transfused 
In other words, the emphasis should now be placed on the -prevention of iso-im- 
munization This holds true particularly with regard to the female population 
of all ages, but the present study was limited to the influence of previous trans- 
fusions on the incidence of erythroblastosis fetalis 

The deliberate iso-immunization of the Rh negative female population, even as 
infants, by transfusion or perhaps even by intramuscular injection of Rh positive 
blood, can now be prevented This simple measure should, by itself, reduce the 
incidence of erythroblastosis fetalis, especially in its more severe forms ^ By 
and large, this is the responsibility to be shared by pediatricians and those hema- 
tologists who perform compatibility tests and transfusions 
The fundamental fact is that once an Rh negative individual is immunised, be or she 
must be considered as remaining potentially immunized for the remainder of bis or her 
natural lifetime ® So far as any of our female population is concerned, the outcome 
of pregnancies, even many years after transfusion, can be influenced by the type 
of blood used in transfusing Rh negative female infants or girls Similarly, it is 
important to determine the Rh factor of an adult female patient before transfusions 
are carried out Furthermore, one should not be completely guided by the presence 
or absence of a history of fetal or neonatal morbidity, paracularly if more than 
one transfusion is contemplated To be more specific, all Rh negative mothen of 
normal Rh positive children are liable to serious intragroup transfusion reactions 
if, even many years later, they receive more than one transfusion * 

Although the role of previous intramuscular injection of blood in initiating 
iso-immunization is not well established, it must be considered as probably sig- 
nificant, since only minute quantities of blood are required to induce iso-immuni- 
zation Ccrtainlv, with the introduction of vitamin K for the treatment of hemor- 
rhagic disease of the newborn, this factor will become less important 

The mote widespread use of Rh tests cannot be recommended without taking 
into account the matter of a supply of potent anti-Rh serums It can be assumed 
that at present there is not yet available an experimental scrum of a potency equal 
to that of human scrums Certainly efforts should be directed in the future toward 
improvement of the quality of experimental Rh serums 

Undoubtedly there will be suSicicnt human anti-Rh scrums if all women having 
potent anti-Rh scrums arc bled periodically The yield from these women can be 
increased to a considerable degree by the use of several measures In the first place, 
the amount withdrawn should always be replaced by a transfusion of compatible 
Rh negative blood Second, the method of Hill and Habcrman,^® of maintaining a 
high degree of iso-immunization in selected cases on a voluntary basis, should be 
adopted These workers inject such women intravenously with minute amounts 
of Rh posiuve blood after the agglutinin titer of their blood drops below a level 
sufficient for routine use 

The program, initiated several years ago, of concentrating weak anti-Rh scrums, 
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thus rendering them useful as diagnostic reagents, should be encouraged Fur- 
thermore, Levine and Waller’” have shown recently that anti-Rh serums contain- 
ing both potent agglutinins and blocking antibodies can be absorbed so that the 
latter antibodies are removed without diminishing to any great extent the ag- 
glutinin titer 

The difficulties in obtaining sufficient quantities of potent anti-Rh serums from 
patients immunized by repeated transfusions are obvious, but occasionally some of 
the measures suggested above may be applicable 

SUMMARY 

The mcidence of fatal forms of erythroblastosis fetalis in the first-born can be 
diminished by the simple measure of transfusing all Rh negative female patients, 
even as infants, with Rh negative blood Once a female patient is found to be Rh 
negative, all subsequent transfusions must be earned out with Rh negative blood 
The indications are that sufficient human anti-Rh serums will become available for 
the more extensive Rh tests required for the prevention of iso-immunization by 
transfusion 
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RELATION OF CONTACTING SURFACE AND ANTICEPHALIN 
ACTIVITY TO THE MAINTENANCE OF THE FLUIDITY 
AND COAGULABILITY OF BLOOD 

By Leandro M Tocantins, M D 

T entative explanations of the mechanism of coagulation of the blood must 
necessarily be concerned as well with the equally important problem of the 
maintenance of its fluidity in the circulation Fluidity and coagulability arc proper- 
ties of the blood that are in a sense antagonistic to each other To understand what 
promotes coagulation, one must also be familiar with the factors that discourage 
this change and thereby keep the blood in a fluid state Both physical states arc es- 
sential in their proper places Excessive bleeding may result when the blood is so 
stable that it remains liquid longer than it should after it leaves the vessels, tf, on 
the other hand, the blood clots within the vessels, where it should not, an interrup- 
tion of the circulation may follow It is by preserving a balance between fluidity- 
inducing (anticoagulant) and coagulation-promoting (coagulant) factors that the 
blood maintains itself as a circulating medium 

Two theories of blood coagulation, with substantial experimental support — 
those of Bordet' and of Howell- — have attempted to account for the state of 
fluidity of circulating blood as well as for the development of coagulation in shed 
blood Bordet divided the reactions involved into three phases 

I Proserozyme (inactive prothrombin) on contact with a suitable surface or 
with lipid cytozyme = serozyme (active prothrombin) 
z Serozyme (active prothrombin) -f- cytozyme (lipid from platelets and tissue 
cells) in the presence of calcium = thrombin 
3 Thrombin -f- fibrinogen = fibrin 
Howell also recognized the existence of three successive reactions 

I Prothrombin / antiprothrombin (heparin) -fi platelet or tissue factor (cepha- 
lin) = free prothrombin 
z Free prothrombin calcium = thrombin 
3 Thrombin -f- fibrinogen = fibrin 

With the exception of Pickering’ and Fuchs,' most workers, especially in publica- 
tions within the last ten years, do not mention the first phase and therefore leave 
unexplained the question of the maintenance of the fluidity of circulating 
blood 

In common with Bordet, Howell recognized that the prothrombin in circulating 
blood differs from that in shed blood According to Howell, the circulating pro- 
thrombin IS bound with antiprothrombin (heparin) and is freed from the latter by 
the platelet or tissue factor that neutralizes the antiprothrombin With this point 
Bordet could not bring himself to agree, and much of the evidence that he brought 
against it received further support from Pickering,* Mellanby,’ and others Bor- 

From the Division of Hematology of the Department of Medicine, Jefferson Medical College and 
Hospital, Philadelphia 
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det^ also questioned the h)q)othesis that prothrombin can be activated by calcium 
alone, and insisted that the lipid (^cytozyme) activator is necessary 
According to Bordet s theorj, the inicial step coward clotting is a change of 
the inactive prothrombin (proserozyme) into an active one (seroz^ane) when the 
blood IS brought into contact with a suitable surface or with the lipid from platelet 
and tissue cells (cytozyme) Just how contact brings about this change, which 
requires a variable period of time, was not clear to Bordet He recogmzed, however, 
that the inactive form of prothrombin (proserozy me) may simply represent pro- 
thrombin protected by an inhibiting substance that can be inactivated or displaced 
by a suitable contacting surface, thereby setting the prothrombin free ^ 

The existence of forces that influence the conversion rate of prothrombin was 
therefore clearly recognized by Bordet and Howell Within recent years, principally 
perhaps because of the great interest in the quantitative determination of pro- 
thrombin, the role of the contacting surface and the existence of prothrombins of 
differing reactivity have been to some extent overlooked The process of coagula- 
tion has generally been divided into the two phases originally proposed by Mcra- 
witz® 

1 Thrombokinase (or thromboplastin) + prothrombin -f calcium = thrombin 
X Thrombin -f- fibrinogen = fibrin 

The impression is conveyed (unwittingly perhaps) that prothrombin can be in- 
stantaneously changed into thrombin in vivo or in vitro by the action of thrombo- 
plastin in the amount ordinarily present in the blood The fact that a great excess of 
thromboplastin is necessary for the rapid conversion of prothrombin to thrombin 
in the quantitative determination of prothrombin, should not lead one to forget 
that such working conditions are artificial and designed to remove natural obstacles 
(presence of inhibitors, variations of prothrombin conversion rate) that have in the 
past defeated efforts toward the development of quantitative methods Attention 
has been drawn to the errors that may be caused by this oversight ■ The tendency 
to attribute to the amount of prothrombin in the blood the dominating role in 
coagulation overlooks the fact that, under natural conditions, the conversion rate 
of prothrombin (independent of its amount) really governs the speed of the reac- 
tion For example, what seem to be quantitative differences in the prothrombin of 
the blood of different species have been shown® to represent variations in the re- 
spective prothrombin conversion rates It becomes of some importance therefore to 
determine the factors involved in the conversion of prothrombin to thrombin 
The remarks that follow will deal principally with the natural forces involved 
in the changes preceding the activation of prothrombin in man There is general 
agreement that the lipid from platelets and tissue extracts promotes the coagula- 
tion of blood by accelerating the transformation of prothrombin into throm- 
bin 5 1° t If the amount of prothrombin is held fixed, the speed of its conv crsion into 
thrombin is substantially determined by' the quantity of lipid factor available 
Whether the lipid influences the conversion of prothrombin by combining directly 
\Mth it, as Bordet,' Mellanby,® and others have maintained, or by removing an 
inhibitor,- is a point on tshich general agreement has not been reached The evi- 
dence brought out by modern methods seems to indicate that thrombin results from 
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a chemical combinauon benveen the lipid factor and prothrombin ' The quesuon 
that remains imanswcred is What factor keeps the prothrombin rclativelj invul- 
nerable to the amounts of the thromboplastic lipid that ma) be released in the circu- 
lating blood, and how is that factor removed from the blood as it is shed? 

The existence in the blood of a natural antiprothrombin, or of a substance that 
acts on prothrombm itself and presumablj opposes its transformation mto throm- 
bm, IS not generallj conceded Natural antithromboplasuns likewise have until 
recentl} “ not been seriousl} considered These doubts have been reflected m the 
attitude of some workers, who have been unwilling to accept the assumption 
of an inhibitor as an explanation of the fluiditj of circulaung blood This view- 
point IS all the more understandable when one considers that the inhibitor, if 
present at all, would make itself felt onl) in the earl} stages of coagulation, before 
adverse surrounding conditions or release of the lipid, platelet, or tissue thrombo- 
plastic factor, rendered it partiall} or whoU} ineffecuve It would therefore have a 
fleeting existence in vitro The difficult} of distinguishing between anopro- 
thrombin and antithromboplasnc activity contributes further to the uncerraint} 
Since, for activating prothrombin, thromboplastin is required, the slowing of this 
activation might be attributed with equal plausibilit} to a deficienc} m thrombo- 
plastin, to antiprothrombin, or to antithromboplastic activit} In view of what 
follows, it IS not unlikel} that much that has been described as antiprothrombin 
ma} actuall} be anuthromboplasuc activit} 

Observations of the past four } ears seem to indicate that a natural anuthrombo- 
plastin exists in normal human plasma This substance (or group of substances), 
the activity of which ma} be detected in plasma separated from normal blood 
collected with special precautions,'-^ reduces the dot-accelcranng action of dilute 
extracts of brain tissue when the plasma is incubated with the extracts before re- 
calcification The inhibiting activit} is exhaustible, has a certain degree of species 
specificity, IS made ineffective b} heating (to 65 °C for five minutes) or dduuon, 
diminishes slowl} on standing in paraffin- or collodion-coated tubes, and more 
rapidl} in glass vessels when in contact with platelets or other blood and ussue 
cells Hemophilic plasma has an inhibiting activit} from five to eight tunes greater 
than that of normal plasma in relation to certain dilute thromboplasun solutions 
In shed hemophilic blood, more free thromboplastin and a longer tune arc ncccs- 
sary for the inactivauon of antithromboplasun than in normal blood “ 

The thromboplastin of aqueous brain extracts is a lipoprotein, its clot-accclcrat- 
ing properties reside chicfl} in the lipid moict} , the active constituent of which 
IS a ccphalm - It seems that it is the ccphalin* portion that is vulnerable to the 
antithromboplastic activit} of the plasma ** The well known increased resistance 
of hemophilic plasma to activation by ccphalm appears to be due to its excessive 
antithromboplastic activit} This activit} , w'hich ma} then be propcrl} referred 

* The term ccphalm as used m this and preceding papers designates the alcohol insolnblc lipid fracnon 
extracted with cthvl ether from acetonc-dned human bram Ccphalm suspensions so obtamed are ob- 
vionsh not pure * Most mdicauons pomt to a ccphalm as the active fracnon of the thromboplasnc 
Iipoprorem and it mat be so considered until convmang evidence to the contrarv is available The 
term anncephalm is mtended to designate that acnvitv of plasma vihich is direaed agamst the thrombo- 
plasnc acnon of ccphalm 



LEANDRO M TOCANTINS 


159 

to as due to anttcephalm, bears some resemblance to the anticoagulating effect of 
the protamines,'® which are known to oppose the thromboplastic action of cephalin 
by combining with it and forming indissociable inert compounds 
Plasmas that have been exposed to contact with materials rich in silica (kaolin, 
asbestos wool fibers, infusorial earth, glass), or that have been dialyzed against 
water, lose their anticephalin activity and in this state are easily activated by 
cephalin, in the form either of tissue or platelet extracts or of cephalin suspensions 
A study of the rate of conversion of prothrombin of these plasmas (hemophilic, 
normal, and adsorbed) has disclosed that the prothrombin of the adsorbed plasma 
IS more rapidly converted into thrombin than that of the normal and hemophilic 
plasmas Dilutions of the plasma to 5 per cent or less may be required to equalize 
the reaction to cephalin as between normal and hemophilic plasmas On the 
other hand, in order to equalize the coagulability of adsorbed plasma, normal 
plasma requires 310 times and hemophilic plasma about loco times as much cepha- 
lin as adsorbed plasma (table i) 


Table i — Clotttng Time* (jn Seconds^^ tn Glass Tubes, of Normal, Hemophilic, and Adsorbed Plasmas to 
Which Increasing Dilutions (a Sf percent Sodium Chloride') of Cephalin Hate Been Added 


Type of Plasma 

Dilution of CephaJm Suspension 

OSS % 
NaCl 

0 

XJ 

X 10 

X 20 

x« 

X80 

X 160 

X 320 

X 500 

X 1000 

Normal 

80 

85 

lOI 

no 

I18 

i 

'’•7 i 

147 

1 

168 j 

198 

118 

165 

Hemophilic 

165 

x58 

304 

380 

543 

1168 

1512. 

>1800 

>1800 

> 1800 

>1800 

Adsorbedf 

1-7 

2-9 

34 

40 

51 

59 

67 

80 

no 

173 

no 


* o 3 cc. of plasma, o i cc of cephalin susjjension, o i cc of o 074 mol calanm chJonde 
t Hemophilic plasma in contact with asbestos wool fibers for two hours at ao C (10 mg of 
asbestos per i ml of plasma) 

Prothrombin content (two stage method) of normal and hemophihc plasma, 100 per cent of 
normal, of adsorbed plasma, 78 per cent of normal 

The fact that contact with certain surfaces accelerates blood coagulability seems 
therefore to be linked with the removal (by adsorption or inactivation) of anti- 
cephalin from the plasma, with a consequent increase in its prothrombin conversion 
rate Plasmas with an excess of anticephalin (e g , hemophilic) appear to be better 
protected not only from activation by cephalin but also from the effect of contact 
with glass The slower rate of coagulation in paraffin- and collodion-coated 
tubes seems to be due to the fact that they preserve anticephalin activity longer, 
thereby holding the conversion of prothrombin to a slow rate Differences between 
the coagulability of blood in glass and in collodion tubes generally parallel the 
magnitude of its anticephalin activity The high direct correlation benveen these 
two variables led to the proposal that the extent of the difference between the rate 
of coagulation of blood in glass and in collodion tubes might be used as an approxi- 
mate estimate of blood anticephalin actiyitj The greater magnitude of the electri- 
cal charge on a glass surface in contact with water, when compared with that on a 
paraffin surface, led Gortner and Briggs to suggest that a positivelv charged sub- 
stance in blood standing in a glass tube, ma) be adsorbed bj the negatu ely charged 
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glass surface, thereby modifying the coagulability of the blood That such forces 
may be involved in changes in the plasma after contact with glass, has been indi- 
cated by Lozner and Taylor Whether anticephalin is simply adsorbed on the con 
tacting surface or also inactivated is not possible to state at present, efforts at elu- 
tion from the adsorbents have, so far, yielded inconclusive results 

Potent suspensions of cephalin may be injected intravenously without visible 
change in the animal, except for a transient blocxl hypercoagulability * Circu 
lating blood seems to adapt itself to the injection of thromboplastic substances 
intravenously, provided the mechanism of adjustment is not overwhelmed by too 
rapid injection of concentrated solutions From the foregoing it seems justifiable, 
therefore, that anticephalin should be included among the various factors con- 
tributing to the maintenance of the fluidity of blood 

What relation does this activity have to heparin, the anticoagulant extraaed 
from tissues? It is generally agreed that, with the aid of plasma cofactors, heparin 
acts as an antithrombm and in addition is capable of retarding or preventing the 
transformation of prothrombin into thrombin, an effect that could with equal 
plausibility be considered antithromboplastic or antiprothrombic ^ That 
the anticephalin activity of the plasma, in itself, is not due to heparin alone and 
cannot be replaced by it, is indicated by the fact that once anticephalin is removed 
from plasma by contact with adsorbents, or by dialysis (with restoration of salt), 
heparin can no longer block the conversion of the prothrombin of such plasma 
Moreover, as Chargaff points out,'’®”' heparin cannot neutralize cephalin, as both 
substances are strongly acidic Since, in plasma brought in contact with adsorbents, 
anticephalin activity may be removed while prothrombin is preserved — though 
addition of heparin before or after contact will not retard prothrombin conversion 
in such adsorbed plasmas — the designation of heparin as an antiprothrombm seems 
open to question Furthermore, hemophilic blood with a known increase in anti- 
cephalin activity does not contain, according to Howell,'® an excess of heparin 
Experiments under way-’ seem to indicate that heparin blocks the conversion of 
prothrombin to thrombin by intensifying or enhancing the natural anticephalin 
activity of the plasma These considerations make it seem desirable, for the time 
being, not to regard the natural anticephalin activity of the plasma as a manifesta- 
tion of the presence of heparin 

With the foregoing in mind, let us see how anticephalin activity and its so far 
known characteristics may be fitted into an explanation of the mechamsm for 
maintenance of the fluidity and coagulability of blood Circulating blood seems to 
have within and about itself all that is required to delay or promote coagulanon 
The stability of the blood depends on the extent of dominance of one of the follow- 
ing opposing groups of factors over the other 


AnticoagulAnts 
(Fluidit> promoting agents) 

I Intact vascular endothelium (or a sur 
face like collodion) 

X, Anncephalin (anathromboplastin) 

3 Anathrombin 

4 Fibnnol) sin 


Coagubnts 

(Coagulation promoting agents) 

I Damaged vascular endoth'Iium (or a 
surface bke da) or glass) 

1, Cephalin (platdets, leukocytes, tissue 
juices) 

3 Prothrombin Ca ■I■+I'> 

4 Fibnnogen 
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It should follow from the foregoing that the coagulability of a given sample of 
blood may be enhanced by an increase in the effective amount of the coagulation- 
promoting factors or by a decrease in the fluidity-promoting elements Conversely, 
blood may become unusually stable if there is an uncompensated increase in the anti- 
coagulants or a decrease in the coagulants 

THE CONTACTING SURPACE 

The internal area of a blood vessel is lined with endothelium, which offers to the 
blood a neutral contacting surface — neutral in the sense that it does not readily 
precipitate the changes that precede the inception of clotting In this respect the 
surface endothelium of the vessel resembles a collodion membrane As long as the 
stability of the blood is maintained by an adequate content of clot-inhibitmg sub- 
stances, surfaces like collodion or the endothelial lining of blood vessels will aid 
in maintaining this stability When a vessel is severed, the entrance of tissue juices 
into the circulation at the point of contact in the ruptured area, and the destruction 
of the continuity of the endothelium, will interfere with the fluidity of the blood 
(a) by supplying thromboplast n, which inactivates the available anticephalin and 
thus accelerates the conversion of prothrombin, and (V) by offering a surface favor- 
able to the removal of anticephalin and the liberation of more cephalin from dis- 
integrating platelets Blood itself may, on the other hand, even without previous 
vascular injury, lose its anticephalin activity and consequent stability, for one 
reason or another (stasis, hemorrhage) A neutral undamaged endothelial surface 
will then afford it little protection and intravascular clotting may conceivably take 
place, even though the vessel surface remains intact 

DEGREES OF STABILITT OF THE BLOOD 

The stability of blood is therefore influenced by the surface with which it comes 
into contact and the extent of the blood anticephalin activity, among other factors 
Table l presents examples of blood with varying degrees of stability Hemophilic 
blood resists contact with glass and activation by cephalin, and displays more anti- 
cephalin activity than normal blood On the other hand, normal blood has greater 
stability than blood obtained after a severe hemorrhage The latter is more readily 
activated by cephalin, has less anticephalin activity, and is not greatly influenced 
b) differences in contacting surfaces 

It seems probable that blood of low stability with respect to coagulation may 
lose Its fluidity readily in the circulation, even when in contact with surfaces like 
the endothelium of blood vessels, which probably contribute to the stability of 
blood b) preserving anticephalin activity On the other hand blood like that of the 
hemophilic will maintain its stability, even though the vessel wall has been 
traumatized and the character of the endothelial surface rendered favorable to 
coagulation The excess of anticephalin in this blood will protect it against these 
surface conditions, just as it protects shed blood of this kind against glass surfaces 

These remarks have been intended principall) to cover the factors in\ olved in the 
first phase of coagulation in their relation to the maintenance of the stabilit) of 
blood It is obaious that increased stabilitj can also result, for example, from a 
marked increase in antithrombin (rarel) encountered in man) or from a diminution 
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in the prothrombin of blood while its anticcphalin activity is maintained, an 
absence of fibrinogen would produce a similar effect It must be kept in mind, how- 
ever, that a simple diminution in prothrombin may not in itself increase the 
stability of the plasma if there is an equal or greater decrease in anticcphalin 
activity Increased fluidity or coagulability must, in the end, result from an un- 
compensated increase or decrease in the anticoagulant or coagulant factors 
There have been observations-^ of patients in whose plasma a decrease in the 
amount of prothrombin has apparently been compensated by an increase in its 
convertibility In such patients the rate of coagulation of blood may remain un- 
altered and may even sometimes become accelerated After severe hemorrhage, 
although the amount of prothrombin may not change or may even be reduc^. 


Table l. — Coagulation Ttmi of Venous Blood in Glass and Lusttroid Tubes after Addition of Cepbalin and 
of Plasma before and after Incubation u itb Cepbalin 



Normal* 

Hemophilic 

Postberaorrhagict 


Glass 

Lusteroid 

Glass 

Lusteroid 

Glass 

Lusteroid 

Bloodt 

cephalin dotang urae (sec.) 

1L4 

M4 

830 

1443 

86 

III 

Plasma§ 

cephalin dotung ame (sec ) 

0' incubation 

91 

134 

L38 

618 

71 

36 

10' incubation 

114 

36x 

345 

12.36 

76 

64 

Prothrombin (percentage) 
one stage method 
two stage method 

100 

100 


100 

118 


>100 

36 



* Means of x6 determinations in 13 men 
f Pauent with bleeding gastric ulcer 

J I cc of blood -|- o I cc of cephalin suspension at 38 C 

§ o 3 cc of atrated plasma, o i cc of cephalin (o' or 10' incubauon), o i cc of o 074 mol calaum 
chloride, in 13 mm 1 d tubes at 38 C 

there is often a diminution in anticephalin activity,-® with a consequent accelera- 
tion of the prothrombin conversion rate and of the blood clotting time 

Slight or moderate increases in stability of the blood, on the other hand, occur 
spontaneously in man, but are generally undetected, principally because the rate of 
coagulation of whole blood is usually measured in tubes of glass, a surface least 
suited to study of such changes The blood of 2. patients with histones of bleeding 
that suggested hemophilia, yielded clotting times in glass tubes not sigmficantly 
greater than normal (t^-ble 3) The cephalin and whole blood clotting times in 
plastic tubes revealed the true nature of their disorder Similar discordant results 
as regards the coagulability of hemophilic blood, with or without addition of 
cephalin, arc often found after a transfusion of normal blood There may be a sig- 
mficant shortening of the clotting time in glass tubes, while little or no change will 
be noted in paraffin or plastic tubes Attention has been drawn by Davidson and 
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McDonald-® to the advantages of plastic tubes for detection of slight changes in 
blood coagulability induced by dicumarol 

Plasma separated (high speed centrifuging in cold) from normal or hemophilic 
blood within five minutes after collection with special precautions and without 
use of anticoagulants, displays unusual stability when kept in paraffin- or col- 
lodion-coated tubes’® but clots promptly when placed in contact with glass If 


Table 3 — Comfartson cf Coagulation Ttmi of Venous Blood and Plasma of 2 Mtldlj Hemofbilic Subjects 

u itb That in Normal Men 




Hemophilic 




Subject 1 

Subject 2 



Lusteroid 

GUss 

Lusterotd 

Glass 

Lusteroid 

Blood 

Clotnng nmc (sec ') 

± SD 

615* 

±80 

1953* 

±374 

7x0 

1 

3480 

960 

3110 

Ccphalin dotting ume (sec.) 

± SD 

tL4* 

±13 

M4* 

±38 

Z85 

617 

371 

730 

Plasma 

Ccphalin dotung time (sec ) 

0' incubation 
± SD 

9it 

±13 

j 

i94t 

±41 

111 

341 

193 

41S 

lo' incubanon 
± SD 

ii4t 

±15 

±109 

165 

574 

HI 

683 


* Means of z6 dctcrrarnations in 15 normal men 
t Means of 33 dcterrainauons in z6 normal men 

Prothrombin content of blood of hemophilic subjects 100 per cent of normal 


Table 4 — Clotting Time m Glass and Collodion tubes, of Mixtures of Hemopbilic and Normal Plasma m 
Various Proportions (.0 j cc of Plasma, 0 i cc of Calcium Cblcnde') 


Plasma 










normal (cc ) 

0 3 

0 17 

0 Z5 

0 1 

0 15 

0 I ^ 

0 05 

1 

0 03 

0 

hemophilic (cc ) 

0 

0 03 

0 05 

0 I 

0 13 

0 1 

0 Z3 

0 17 

° 3 

Clotting time (sec.) 










glass tube 

^31 

D 5 

X4L 

3-75 

190 ; 

300 

355 j 

370 

1 3 ^^ 

collodion tube 

610 

687 

860 

93 ’- 

1077 

1143 

1x65 

1880 

1 

>7100 

1 


the effect of addition of hemophilic blood or plasma to normal blood or plasma is 
tested in glass tubes, there is a striking reduction of the clotting time toward 
normal In collodion tubes, however, the results differ A clot-delaj ing effect may 
be detected after the addition of one part of hemophilic to nine parts of normal 
plasma (table 4) This effect ma) be decreased or even erased bj dilution, heating, 
or exposure of the hemophilic plasma to glass or certain adsorbents From the data 
(table 4) one might with just as much propriety maintain that the coagulabilit} 
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ot normal plasma is decreased by the hemophilic plasma as that the clotting time 
of the latter is accelerated by the normal plasma These difhcuJtics of interpretation 
are intrinsic to tests of this type The apparent clot-accelerating effect of normal 
plasma, however, becomes even less convincing when the mixtures of the normal 
and hemophilic blood or plasma arc made at once after collection, in tubes of 
plastic, paraffin, or similar composition 

Some of the earlier workers on blood coagulation were able to retain, cither 
through choice or necessity, almost completely natural conditions in the planmng 
and execution of their experiments It was principally on the basis of observations 
on the behavior of blood in intra- and extracorporeal segments of vessels and in 
glass tubes that Lister” was able to state 

The blood as it casts within the sessels has no spontaneous tendenc) to coagulate and therefore 
the notion of an} acaon on the part of the blood \ csscis to pre\ ent coagulation is cntireli out of the 
question The peculiarit} of the Ining scssels consists not in an} such acuon upon the blood but in the 
circumstance remarkable indeed as it is, that their li\ ing membrane when in a state of health is enureh 
negative in its relation to coagulation and fails to cause that molecular disturbance or if we ma} so 
speak, catal} tic action which is produced upon the blood b\ all ordinan matter 

The real cause of the coagulation of the blood when shed from the bods 15 the influence exerted upon 
itb} ordinal} matter the contact of sshich for a sei} brief period effcas a change in the blood induang 
a mutual reaction between its solid and fluid constituents in which the corpuscles impart to the liquor 
sanguinis a disposition to coagulate 


SUMMARY 

A review of the various factors in the blood that have to do with the promotion 
and the retardation of coagulation is presented 

Circulating blood seems to have within and about itself all the factors required 
to delay or to promote coagulation The stability of blood (1 e , its tendenq’- to 
remain fluid) depends on the extent of the dominance of the anticoagulant (flmdit) - 
inducing) group of factors over the coagulant (coagulation-promoting) group 
Among the anticoagulant factors arc the natural anticcphalin activit) of the 
plasma and the intact vascular endothelium, the latter is simulated by such con- 
tacting surfaces as collodion and paraffin films 

Alterations in the stability of blood result from tmeompnsaud increases or de- 
creases in one or more of the anticoagulant or coagulant factors 

The increased stability of hemophilic blood, due to an uncompensated excess 
of anticcphalin activity, enables it to resist activation b} ccphalin or b) contact 
with injured walls of blood vessels or with surfaces like glass Blood obtained 
from normal individuals after severe hemorrhage has a decreased stability oiving 
to an uncompensated diminution in anticcphalin activity, such blood is readily 
clotted by cephalin and may not remain stable even when in contact with un- 
damaged vascular endothelium or surfaces like collodion or paraffin 
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THE RELATION OF CERTAIN FRACTIONS OF THE PLASMA GLOBULINS 
TO THE COAGULATION DEFECT IN HEMOPHILIA 

Jessica H Lewis, M D , Henry J Tagnon, M D , Chailles S Davidson, M D , 
George R Minot, M D , and F H L Taylor, Ph D 

A SERIES of reports from the Thorndike Memorial Laboratory' 2, i i s t 
have indicated that normal cell-free human plasma contains some factors 
which are deficient in hemophilia There is evidence that by the parenteral ad- 
ministration of derivatives of normal cell-free plasma in hemophilia, the coagula- 
tion defect can be modified toward normal The present communication reviews 
some of the older work on this subject and presents new evidence accumulated 
during the past three years 

One of the earliest studies on the use of fresh whole blood in the treatment of 
hemophilia was made by Minot and Lee in 1916 ’’ They ascribed the beneficial 
effects of transfusion of whole blood to the platelets thus added to the patient s 
circulating blood In the same year, Addis® showed that the admmistration of 
whole blood or of serum reduced the coagulation time of hemophilic blood 
Patek and Stetson' reinvestigated this problem in 1935 and found that small 
transfusions, as little as 30 cc , of fresh whole blood were as effective as large 
amounts in the initial reduction of the coagulation tune m hemophilia, but that 
the reduction of the coagulation time was much more transient when these small 
amounts were used These authors found that the beneficial effeas of fresh whole 
blood could be duplicated by the use of fresh normal human plasma They then 
deprived the plasma of its platelet content and found that the ^trates so obtained 
were equally effective in reducing the coagulation tune of hemophilic blood in 
vivo From the foregoing evidence it seemed reasonable to conclude that fresh 
normal whole blood or platelet-free plasma contained a material which was 
effective in shortening the coagulation time of hemophilic blood Transfusions of 
hemophilic blood or of hemophilic plasma failed to have such a beneficial effect ' 
In other words, there seemed to be evidence that hemophilic blood was deficient 
in some factor or factors present in normal blood 

Competent investigators have shown that the coagulation defect in hemophilic 
blood could not be related to deficiency in calcium ion,'” " prothrom- 

From the Thorndihc Mcmonal Laboratory the Second and Fourth Medical Services (Harvard), 
Boston City Hospital and the Department of Mediane, Han ard Medical School Boston 

The expenses of this investigation were defrayed in part by a gift to Han ard University from Smith 
Kline and French Laboratories, of Philadelphia and in part by a grant given m recogniuon of Dr 
Franas W Peabody s services to the Foundation by the Ella Sachs Plotz Foundation 

The products of plasma fractionation used in this work were developed from blood collected for the 
American Red Cross by the Department of Physical Chemistry, Harvard Medical School, under contraa 
recommended by the Committee on Medical Research between the Office of Saenufic Research and De 
velopment and Harvard University 

The nomenclature concerning plasma fractions used in this publtcaaon is that reported by Cohn and 
his assoaates ” 
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16 16 17 oj. fibrinogen!® of the plasma Consequently, our in- 

vestigations were directed toward an attempt to determine where the deficiency, 
if any, resided It was determined that certain globulin fractions prepared by 
acid precipitates of diluted cell-free plasma at pH 5 5 and also similar globulin 
preparations obtained by simple dialysis against distilled or tap water contained 
all the antihemophilic properties of the parent plasma ^ Similar preparations from 
hemophilic plasma had little or no coagulation properties ^ The acid-precipitable 
globulins, unfortunately, produced a refractory phase during which second, third 
and subsequent injections given within six hours were inactive This method of 
preparation was therefore discarded ■* Euglobin fractions obtained by dialysis 
could be repeatedly administered without the development of the refractory pe- 
riod ’ Similar preparations of antihemophilic globulins were prepared independ- 
ently by Bcndien and Van Crcveld Later these observations were confirmed by 
Howell 2 

It would appear that the antihemophilic properties of these globulin prepara- 
tions were not due to the removal of inhibitory materials, since the parent plas- 
mas were active and the supernatant fluids from the globulin precipitants had no 
inhibitory activity and only minimal coagulation activity Furthermore, hemo- 
philic plasma treated by the same method did not acquire any increase in anti- 
hemophilic properties 

Protein fractions prepared as we have just indicated contain both prothrombin 
and fibrinogen Since the administration of excessive amounts of these materials 
might possibly have an effect in reducing the coagulation time, plasmas relatively 
free of prothrombin and of fibrinogen were prepared by heating normal cell-free 
plasma to 56 C for two minutes and subsequently passing the filtrate five times 
through a Seitz filter Such plasma preparations retain their antihemophilic 
properties unimpaired ® Euglobin preparations of such plasmas, while not as 
potent as the parent plasmas, retain a considerable amount of their power to reduce 
the clotting time of hemophilic blood in vitro and in vivo 

The exact nature of the antihemophilic material is not known It is definitely 
associated with the plasma globulins, but whether or not it is a lipoprotein has 
yet to be determined HowelP termed the material plasma thromboplastin, but 
evidence is lacking as to whether or not this nomenclature is acceptable Studies 
concerning this matter are at present under way 

As part of the blood substitutes program conducted during the war, large quan- 
tities of human plasma have been subjected to multiple fractionation by Dr E J 
Cohn and the workers m the Department of Physical Chemistry at the Harvard 
Medical School Various subfractions of the globulin group have been extensively 
tested for antihemophilic activity in the Thorndike Memorial Laboratory The 
antihemophilic activity was found to be largely concentrated in fraction I and 
subfraction II of fraction III of the plasma proteins * A small amount was found 
in fraction IV Fraction I contains above 60 per cent of fibrinogen, with small 
amounts of the other globulins Subfraction II of fraction III contains 75 per cent 
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beta globulin and most of the prothrombin Fraction contains 55 per cent 
alpha globulin and i8 per cent beta globulin 

Extensive studies on the antihemophilic properties of fraction I are being carried 
out on adult patients m the Boston Citj Hospital So far it has been found that 
smgle intravenous doses of loo to 600 mg of fraction I m volumes of 5 to 10 cc 
of isotonic solution of sodium chloride shorten the coagulation tune of hemo- 
philic blood as much as do therapemic doses of whole blood or plasma,-* 
which reduce the clotting time of such blood to normal Intramuscular admims- 
tration of the fraction has been found to give inconstant results and frequently 
causes painful hematomas Repeated intravenous doses of fraction I are not 
followed by a refractor}^ period As has been stated, fraction I contains at least 
60 per cent of fibrinogen If it is possible to subfractionatc it further m such a 
manner as to retain its antihemophilic properues while removing the fibrinogen, 
perhaps even more potent antihemophilic material can be made It has been 
found-' that the removal of fibrinogen from fraction I by simple solution and 
heating to 56 C for two minutes does not destro} the antihemophilic properties 
of the fraction, although subsequent tests with thrombin show that no fibrinogen 
remains m the preparation Thus, it ma} be possible to obtain preparations suffi- 
cient!} potent to make small daih injections feasible, and m this wa} to maintain 
the clotting tune of hemophilic patients within normal limits 
A fool of hemophilic flasma is now being fractionated b} the Harvard Pilot Plant * 
So far onl)’- fraction I of this plasma has been tested Although the total nitrogen 
and fibrinogen content of the fraction arc within normal limits, no antihemophilic 
activity has been found in vitro Sufficient hemophilic fracuon I was obtained to 
make one test in vivo, and in the subject used little or no clot-promoting abilin 
was detected Details of these observations will be published elsewhere In the 
evidence at hand at present there seems to be considerable confirmation of the 
thcor) that hemophilic blood is deficient in a factor or factors i\hich are closeh 
associated in chemical fractionation with prothrombin and fibrinogen and which 
ma} be separated with some losses from both of these proteins 

Normal human cell-free plasmas when treated with chloroform develop suong 
proteolytic activity It has been shown that a true protease is obtained with 
an optimum pH between 7 and 8 and that the cnz}Tnc is capable of digesting 
fibrinogen, fibrin, gelatin and casein The enz}’me can also apparcntl} produce 
thrombin from prothrombin ” In relation to blood coagulation, small amounts 
of the enzyme produce coagulation, larger amounts produce coagulation with 
subsequent fibrinol}sis and, in still higher concentrations, fibrinogenolj’sis ” 
On the other hand, hemophilic plasma as compared with normal plasma de- 
velops little proteol}'Tic actit it} following treatment wrth chloroform ** 

Globulin preparations possessing antihemophilic activit} likewise can act as 
progenitors of such an cn2}Tne s}'stcm as has been described Globulin preparations 
made b} simple dia^'sis do not as a rule have protcol} tic activit} prior to ucat- 

* Conrtes} of Drs J T EdsaU L. E Strong and S M Armstrong, with whom the complete ob 

serrations will be pubhshed elsewhere 
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mcnc with chloroform Houcvcr, friction I ind suhfriction II of friction III of 
Cohn hi\c on occasion shown preformed l)tic ictivit) 

Upon treatment w'lth chloroform friction I, suhfriction II of friction III ind 
friction IV ill develop proteol)tic ictivit) capable of digesting both fibrin and 
fibrinogen is well as gelatin and casein The distribution of the activit) between 
the fractions vanes, but it is markedl) reduced in subfraction IV of fraction IV 
and IS greatest in subfraction II of fraction III, which likew'ise contains free 
enz) me The parent plasmas ha\ e been better sources of en/) mes after chloroform 
treatment than have an) of the individual fractions of the globulins However, 
when thejield ofenzjmeof all the fractions is considered collectively, as measured 
by production of nonprotein nitrogen from casein, there is a definite increase in 
the nitrogen produced per milligram of original protein This mi) be due to 
the removal of inhibitor substances or of competitive substrates b) the fractiona- 
tion process It has alreid) been determined in a few experiments that plasma 
albumin,* which is not itself digested b) the protease, markedl) lowers the 
nonprotein nitrogen produced from gelatin by the plasma protease Fraction IV 
of Cohn has been found to contain both enzvme progenitors and also inhibitor 
materials 

The foregoing facts suggest that normal human cell-free plasma contains the 
progenitor of an enz)TTic s)stem, which mi) be elaborated b) treatment with 
chloroform In hemophilic plasma this cn/)mc s)stcm may be present in reduced 
amounts The facts also suggest that the enzyme system plays an as yet unknown 
role in the process of the coagulation of blood Further fractionation of the plasma 
globulins and further studies on the characteristics of the system arc nccessar) to 
determine the true physiologic action of the enzyme 

Of equal importance with the shortening of the coagulation time of the circulat- 
ing blood in hemophilia is the local control of hemorrhage when this occurs The 
antihemophilic globulin substance discussed earlier in this paper acts as a local 
hemostatic when applied in dry form with adequate dressings to the bleeding 
point For some time preparations of this globulin substance from bovine plasma 
were used in this clinic Local hemorrhages may be arrested by such preparations 
in a few minutes However, antihemophilic globulin preparations act apparently 
through the normal coagulation reaction and depend for their activity on the 
release of thrombin from prothrombin, hence instantaneous arrest of hemorrhage 
does not occur 

Another globulin preparation may be obtained from human, bovine, rabbit or 
swine plasma’" by a salting-out procedure Parfentjev’'' first described such 
a preparation from rabbit plasma Subsequent investigators found that these 

pscudoglobulin preparations were thrombic in nature^', that is, they acted 
directly on fibrinogen without the intervention of calcium ion or prothrombin 
Since no thromboplastin was added in the preparation, it must be concluded that 
the salting-out process caused the spontaneous conversion of prothrombin to 
thrombin Such spontaneous conversions have been described by Milstonc 


* Provided by Dr J T Edsall 
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From the practical point of view this hemostatic globulin is definitely superior 
to the antihemophilic globulin in the control of hemorrhage, since its action is 
immediate In persons with hemophilia it has been used to control bleeding follow- 
ing amputations, debridements and dental extractions In normal persons also it 
has been widely used, a notable example being its employment as a ph}'siologic 
glue in skin grafting 

At the present time much fractionation of human plasma proteins is being 
carried on and thrombin of human origin is available However, the faa that 
hemostatic globulin can be obtained not only from human but also from bovine, 
rabbit and swine plasma may be of great economic importance in the postwar 
period, when human plasma products will probably not be as available as thc) arc 
at present 

The question of possible toxic reactions to animal globulin preparations applied 
locally immediately arises The last word on this has not yet been written It ma} 
be reported that using a rabbit hemostatic globulin* we have noted no untoward 
local effects or systemic reactions in many multiple local applications of the sub- 
stance in the control of hemorrhage in hemophilic and normal subjects 

From thc academic point of view, it is of interest to note that while active 
antihemophilic globulin preparations give rise to a proteolytic cnz}me s}stcm, 
cither spontaneously or upon treatment with chloroform, hemostatic globulin 
preparations arc devoid of this propertt This has been found true not only of a 
thrombic preparation made b} Parfentjev s method but also of thrombin prepared 
by conversion of prothrombin b} the addition of thromboplastin as described b) 
Astrup and Darling^® and Scegers ■'® Thrombin preparations from human plasma 
prepared by the techmc used in thc plasma fractionation plant at thc Harvard 
Medical School arc likewise devoid of this property, morcotcr, thej do not spon- 
taneously lyse fibrin clots 

conclusion 

Hemophilic blood apjicars to be deficient in some activitj associated with thc 
globulin fraction of thc plasma protein Thc chemical identity of thc missing 
factor or factors is not at present known For want of a precise name for this faaor, 
we have called it globulin substance, and in this report it has been termed 

antihemophilic globulin, which term will probably be used in studies now 
being undertaken by other investigators However, it should be remembered that 
until final proof is obtained both of these terms imply an association rather than 
an identification of the antihemophilic activit)’’ with thc plasma globulins 

Normal cell-free plasma and thc antihemophilic globulin preparations derived 
therefrom will on treatment with chloroform give rise to a protcol) tic enzyme 
system having some as yet undefined role in blood coagulation Thc globulin 
preparation, but not thc original plasma, except under conditions described else- 
where,''^ will spontaneously produce such an cnz\Tnc system In fractiona- 
tions of human globulins such spontaneous production of lytic agents has been 
found in subfraction 11 of fraction III, and occasionally in fraction I 

* Hemostatic globulm donated b) thc Ledcrlc Laboratoncs 
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Hemophilic plasma does not produce sucli protcolj tic enz} me s) stems in optimal 
amounts Whether this is due to the lowered amount of the precursor (possibly 
antihemophilic globulin) or to the presence of inhibitor materials is at present 
unknoss n 

The intravenous injection of antihemophilic globulin results in a marked 
acceleration of the clotting time of hemophilic blood So far only fraction I of 
the plasma globulin has been used clinically Tbe dose of the material has not yee 
been determined, but single injections of aoo to ,joo mg of the material will keep 
the blood of a hemophilic patient at low coagulation levels for from eight to 
twelve hours Repeated injections may be used without the deselopment of a 
refractory phase 

For local hemostasis a pseudoglobulin may be prepared from human, bovine, 
swine or rabbit plasma by a salting-out procedure In this clinic thrombin from 
rabbit plasma has been used without untoward local or systemic reactions in 
amputations, debridements and dental extractions in hemophilic patients 
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EDITORIAL 


AT firs: glance, the spleen ^\ould seem to be a rather useless organ Its removal 
jLjl in the normal human being or animal is unattended \Mth an) noticeable 
clinical effects Careful laborator) examinations under such circumstances re\cal, 
howcaer, that the spleen and the blood arc closel) related The red cells become 
thinner and shoes Hoaaell-Joll) bodies, the leukoc)tes and the platelets become 
grcatl) increased, and the output of urobilinogen in the feces becomes definitel) 
diminished ■ From these obscraations it would appear that the spleen normally 
makes red cells thicker, has effects on the denucleation of normoblasts in the mar- 
row, and in some measure controls the growth and/or deliver) of granuloc)tcs 
from the marrow' to the blood The old adage that the spleen is the grave) ard 
of the red cell cannot now pass unchallenged,- c% en though the output of bile pig- 
ment in the feces is definitel) diminished after splencctom) How the red cell 
normall) becomes broken down still remains something of a m)ster) The rather 
glib explanation that the reticulo-endothelial s)stem destro)s it fails to measure up 
to careful histologic studies, w'hich show no hint of phagoc)tosis Other expla- 
nations w'hich invoke a rather m)sterious l)solecithin, the high lecithin content 
of the thoracic duct, etc , likewise fail to satisf) Perhaps the red cell after its many 
thousand passages through the miles of capillaries and sinusoids, graduall) wears 
out, and becomes hemol)2ed in the circulation The spleen, b) tending to make it 
thicker (i c , spherocytic), probabl) helps to wear it out This purel) mechanical 
function of the spleen is far less intriguing than possible hormonal effects of that 
organ upon the bone marrow These are concerned, not only with the red cells, but 
with the leukocytes and platelets as well 
Thus far, very little direct evidence for the normal existence of splenic hormones 
has been adduced, although in a recent article, Ungar^reports the isolation from the 
spleen of guinea-pigs of a material in crystalline form which he calls splenin 
This material was found to reduce the bleeding time, increase the capillarv resist- 
ance, and inhibit the release of histamine from blood cells The spleen, as an en- 
docrine organ, is thought by Ungar to play a role in the control of protein metabo- 
lism and in certain reactions to stress These observations require confirmation and 
amplification, e g , effects on platelets were apparently not studied 

Normally, the splenic physiology is probably of minor importance, although 
It is concerned to some extent in the maturation and release of the various cells 
from the marrow to the blood This implies the presence of one or several splenic 
hormones Under certain abnormal conditions, however, an altered splenic physiol- 
ogy becomes all-important, so much so indeed that the continued presence of that 
organ may lead to serious disability and even death This happens for example in 
idiopathic thrombocytopenic purpura, in many cases of hemolytic anemia, and in 
not a few of splenic neutropenia As in many other pathologic states, the behavior 
of a disordered organ, in this case the spleen, rends to illuminate the rather more 
subtle activities of the normal spleen Thus, in Wcrlhof s disease, the extreme de- 
gree of platelet diminution may be due to the production in excess of a splenic 
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hormone which controls platelet growth and delivery, i e , idiopathic thromboc) - 
topcnic purpura may be a form of hypersplemsm ■* The leukopema and granulo- 
cytopenia of many different kinds of splenomegaly (e g , cirrhosis of the liver, 
Felty s syndrome, Boeck s sarcoid, malaria, kala-azar, and the more recently 
described splemc neutropenia ) may be due to the excessive production of another 
hormone controlling granulocytes Certainly the marrow is crowded with granulo- 
cytes and yet the circulating blood is greatly depleted of these cells On the other 
hand, Doan and his group® explain this state of affairs by sequestration and 
phagocytosis by the spleen Anemia often occurs with various types of splenomeg- 
aly, and certais cases of hemolytic anemia seem to be purely hj-persplemc in 
type, associated as they are with leukopema and thrombocytopenia, and respond- 
ing dramatically to splenectomy Abrami and collaborators® have recently de- 
scribed two types of splenic anemia a hemolytic form, and one which is purely 
inhibitory in type The effects of an abnormal spleen upon the marrow may thus 
be selective or total , if the latter, pancy'topenia or panhem atopeni a ensues 
These abnormal states of the spleen, particularly splenic neutropema and pan 
cytopema, and the great importance of splenectomy as a life-saving measure in 
these cases are just beginning to be appreciated Many cases go about unrecognized 
for months or years, often because the enlarged spleen has not even been palpated 
The pancytopenia is usually thought to be due to aplasia or hypoplasia of the 
marrow, whereas aaually the marrow in these states is hyperplastic Rccogmtion 
of these cases is facilitated by careful studies and by comet mterpretattons of the 
clinical, blood, and bone-marrow pictures It is hoped that continued study will 
bring these states of hypersplemsm more forcibly to the attention of the medical 
profession 

WiLLiAii Dameshek 
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THE Rh FACTOR AND ITS CLINICAL APPLICATIONS 

PHILIP LE\ INE 
ALEXANDCR S WILNER 

Recent Dc\clopmcms in holmmuniution b\ the Rh Factor PI ihf' Jji irt Am J Obst A Gvnee a; 
S10-14, J945 

The author di<;cus<es the stvcallcd incomplete or blocLing antihod) of Race and Wiener With this 
reaction and a more recenti) described slide test of Diamond and its modification b\ Wiener, it is possible 
to proside proof of actisc iso-immuniration in almost all instances 

With regard to the complcxits of the RhHr s)stcm, the author believes that the clinician should 
thinL in terms of Rh positive and Rh negative as indicated b) the most important anti Rho scrum, the 
onlv one available for distribution This serum will aid in detecting 91 per cent of all those potcntiallv 
immunized b) the Rh factor In order to detect iso-immunization in the remaining Rh positive individ 
uals the blood should be referred to specialists acquainted with the finer subdivision of the Rh and Hr 
factors and their heredit) 

Finallv the author stresses the importance of transfusing all Rh negative individuals, especiallv all 
of the female population even as infants with Rh negative blood This measure bv itself will reduce the 
number of en throblastotic infants and the sevent) of the condition — P L 

On the Hr Factor and the Rh Genetic Theor) PMip Urwt Science ic. 1-4 1945 

The author presents evidence that the Hr factor is an integral part of the Rh svstem of variants and 
us exclusion from an) genetic theor) is not warranted Anti Hr sera and anti Rh' sera describe three 
varieties of reactions much like anti M and anti N A t) pc of blood failing to react w ith both antibodies 
does not exist The view that anti Hr sera arc weak because of genetic reasons cannot be accepted Anti 
Hr sera arc gcnerall) weak because of the simple statistical considerations that 9Z per cent of Rh negativ c 
women produce anti Rh agglutinins while onl) a or j per cent Hr negative women can produce anti Hr 
agglutinins 

Anti Hr sera arc of value clinicall) because the) select the homoz)gous RhiRhi where bloods lack the 
Hr factor 

(The British workers alvva)s took into account the Hr factor in their anal) sis of the genetics of the 
Rh factor On a theoretical basis they assumed the existence of three varieties of anti Hr sera to corre 
spond with three varieties of anti Rh sera to give 8 genes [Race Nature r/4 771,1544] ) — P L 

Erythroblastosis Feulis in Mothers with Rh Positive Blood S H Polajej Am J Dis Child 
99-ioa 1945 

The author reports two of six eases of iso-immunization and er) throblastosis fetalis in which the 
mother was in group O and the affected infant in group A That isoimmunization against the A factor 
occurred in individuals by a specific increase in the anti A titer It is implied that the fetus in these cases 
must be of the nonsecretor t)pc Isoimmunization b) the A factor as well as the finer differences within 

the Rh Hr complex explains the origin of erythroblastosis fetalis in the 8 per cent of Rh positive mothers 
-PL 1- 1- 

Conglutination Test for Rh Sensitization A S Wiener J Lab &. Clin Med }e 661-67, 1945 

The author produced evidence that the slide test of Diamond depends upon the presence of serum rather 
than heav y suspensions of blood The test could be earned out in test tubes with washed blood suspended 
in normal human scrum to make about a per cent suspension 
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The use of test tubes makes it possible to study the speaficity of the blocking antibodj which gives 
agglutination reactions if normal serum is used instead of saline both for suspension of the cells and 
in utratmg the activitj of the blockmg antibod) At the same time the supplj of tesong scrum is 
increased 

(Wiener uses the term conglutinanon but the use of this term is cntiazcd by Coombs Mourant 
and Race on the ground that it docs not in any way resemble the phenomenon described b) Bordet [Bnt 
J Exper Path 1945] There is still no evidence that this reaction is the basis for Chown s capillar) tube 
test of salmc suspended cells ) — P L 

Prevention of Unmtenaonal Isoimmunization of the Rh Negative Female Population Pbihf Lttim 
JAMA 12S 946, 1945 

The author studied the madcncc and seventy of erythroblastosis fetalis m the first bom as mfluenced 
by previous immnnization with Rh positive blood He found about twice as man) cases in the transfused 
senes, and 60 per cent of these ended m fetal death In the nontransfused group there was no fetal death 
and the symptoms were much milder The possible role of mtramuscular injection of Rh positive blood 
IS discussed 

Lcvme recommends that the entire Rh neganve female population rcqninng transfusion even as m- 
fants rcceuc Rh neganve blood onl) This simple measure should reduce the mcidcnce of erythroblasto- 
sis fetalis, cspcaall) m its most severe forms 

The biologic test of Wiener is not recommended on the ground that it may sen c to immunize the Rh 
negative mdividual (The one fcal death in the nontransfused group could be excluded from the senes 
smcc the death could be attributed to other factors ) — P L 

Detecuon of Weak and Incomplete Rh Agglnunms A New Test for the Detccnon of Weak and 
Incomplete Rh Agglunnins R K A Coomb!, A E Mourant, R R Race Lancet, pp 15-16, Jul) 7, 

1945 

The pnnaplc of the test is the use of an ana human globuJm serum which will react directl) with Rh 
posmvc blood previousl) coated with the incomplete annbod) or with weakly agglntinatmg serum 
The test is useful for the dctecnon of fine degrees of sensitizauon not readily demonstrable by other 
methods (agglutinins or blockmg antibodies) — P L 

Rh Annbodies / Dacidsobn Am J Clm Path ly 95-'05 ^945 

This general rev lew of the subject contams a few noteworthy observations Davidsohn points out that 
Rh neganve women may be in the neganve phase of iso-immunizauon for a short period following the 
delivery of an erythroblastonc infant Accordmgly, the chances for deteenng anu Rh annbodies arc 
best about eight to twenty day s followmg delivery Presumably at delivery feul Rh posinve blood must 
be released into the maternal arculanou in suffiaent quanunes to neutralize circulaung annbodies 
The observanon of Witebsky that anti Rh antibodies are found also in milk is confirmed The persis 
tence of ann Rh agglutmms following delivery and its influence on the outcome of the next pregnancy 
are discussed The observ anon of Lev me that most ann Rh agglunnins belong to the class known as warm 
agglunnm is confirmed Although Davidsohn discusses the several vaneties of ann Rh agglunnins, he 
falls to emphasize that the ann Rho serum is clinically the most important vanety, which will detect 
more than 90 per cent of instances of iso-immunizanon by transfusion and pregnancy — P L 

The Rh and Hr Factors m Chimpanzees A S Wiener and M Wade Saence 102. 177, 1943 

The authors make the significant observanon that the blood of each of fifteen chimpanzees possessed 
the Hr factor, but not the Rh factor Accordingly, they behave like human Rh neganve bloods It is 
suggested that this uniformity is the result of selecnve effect of iso-immunizanon in pregnancy P L 

The Preparanon of Potent Ann Rh Typing Serums by Injection of Rh Posinve Blood into Previously 
Isoimmunized Individuals J M Hill, S Haberman, and A V Orosco JAMA iiS 944"4^> *945 
The authors injected small amounts (7-10 cc ) of Rh posinve blood mto carefully selected Rh neganve 
panents in order to maintain high levels of ann Rh nters It is highly probable that much smaller 
amounts of Rh posinve blood will suffice If this method, carried out on a voluntary basis, were entire y 
pracucable, it would solve the problem of a suffiaent supply of human ann Rh diagnosuc sera 
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D\ vrlccting the \arict\ of Rh posmte hlcxxl to he injected into thc';e patienii, it mat he povMble to 
produce anti Rh agglutinin' of the 'cteral \arieiies— P I 

The Rh Factor in Repeated Abortion and Mi'carriage d B Hunt PriK Ma)o Clinic, .f 19^5 
The author concludes that I'o immuniution b\ the Rh factor docs not plat an important role in carls 
fcul death It IS onls during tlic latter half of the pregnanes that the I'o immunisation is initiated and 
a certain intcrsal of one or more months of intra uterine hcmolstic action on fetal Rh po itisc hloixl is 
rccjuircd before the fetus is afTected EndoCTinc deficiencies ate probabK of mote importance in habitual 
abortion 

(The author does not refer to the possible role of or immunisation bs the facto's K and II in habitual 
abortion as shossTi bs LcsincinthcJ Hered }4 71-'^ 19-13 i ^ L 

The Rh Factor and the Public Health Laboratots P I <t I rcJtrt I ^ / I an Sjun <irj / I Priurt 
JAMA r.f 19, 1943 

This brief report is significant bcsause it represents the first organised effort to cam out prenatal tests 
as a public health measure on a countrs sside basis The list of Rh ncgatisc men and ssomen s as made 
asailablc for the formation of a group of Rh ncgatisc donors whose blood ssss 11 ed for the trcaimcnt of 
cr) throblastotic infants — P L 

The Demonstration of Anti Rh Agglutinins — An Accurate and Rapid Slide Test f K Di^ncrJeiJ\ 
A 1 AhtSson j Lab S. Clin Med jo 104-1. 1945 

Diamond and Abelson describe a procedure which facilitates the detection of the highest incidence of 
iso-immunization in Rh ncgatisc women immunised either hi fetal blood or bi repeated transfusions 
The method consists of use of slides instead of test tubes and hcas s suspensions of blood instead of . per 
cent cell suspensions More spccificalli , thev recommend the mutturc on a slide of c i cc of the scrum 
to be tested and o - cc of fresh oxalatcd blood or a 40 50 per cent washed blmid suspension fprcsumabh 
in saline) 

The authors belies e that inhibiting bloc! ing or incomplete antibods as it is sariousls 
termed and agglutinins exist independentls in most sera Of 90 sera of mothers of ers throblastotic 
infants, onl> 37 had anti Rh agglutinins tested bs the incubation technic but the slide test ssas positise 
in all In all but a fess, the indirect test for blocking antibodies ssas positise in the 55 'era sshich sscre 
ncgatisc b) the incubation technic 

In the presence of an excess of cells 8 to 10 parts of cells and i part of scrum hcmolssis ssas 
obsersed — P L 

The Importance of Rh Inhibitor Substance in Anti Rh Serums / K Diain/tJ and \ AI ALdsen J 
Clin Inscstigation 24. izi-zS 1945 

The authors found that man) Rh ncgatise mothers of cr) throblastotic infants contain their so-called 
inhibiting antibodies sshich arc identical ssith the incomplete antibod) of Race and the blocking anti 
body of Wiener These antibodies unite ssith Rh positise blood but the second stage of the reaction le, 
the sisiblc effect of agglutination, does not occur under the usual conditions of testing These antibodies 
correspond in spccificit) to those of anti Rhn, anti Rh', or anti Rh" agglutinins 

Prolonged heating at 56° inactisates the agglutinin but not the blocking antibod) Cf 50 sera of Rh 
ncgatisc mothers recenti) immunized, 30 had strong agglutinins, 10 had strong inhibiting antibodies, 
and the remaining 10 had both sorts of antibodies 

Diamond and Abelson report an interesting experiment carried out b) injecting an Rh, indisidual 
ssith a scrum containing inhibiting antibodies The patient s cells sscre noss 16 tiircs less sensitise to 
agglutination b) anti Rho sera and, significant!) the patient s sera noss contained anti Rho agglutinins 
The result can be understood if one assumes that scrum used for the injection also had anti Rho agglu- 
tinins sshich sserc masked by the action of the inhibiting antibodies This ssas confirmed by the authors 
by in sitro absorption experiments — P L 

Individual Blood Differences in Mexican Indians, ssith Special Reference to the Rh Blood T)pes and 
Hr Factor A S Wientr J P Zepida,E B Senn,andH R Fclivka J Exper Med Si 559-71, 1945 
Ninctv-cight Mexican Indians sscre tested for the scseral agglutinablc properties The results shossed 
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ahighinadcnccofgroupOCgtpcrccnO 6i per cent M, 3 i per cent N and 78 9 per cent P All ucrc Rh 
posmvc with ana-Rho scrum, and the inadcncc of the subt}'pcs was Rhi 48 per cent, Rh 41 S per cent 
and Rho i p>cr cent The Hr factor was present m 55 8 per cent Three individuals of t\*pc RhiRhj who 
were Hr negauve contamed the gene Rh* which is so rare in white indniduals — PX 

Invesugaaons on the Occurrence of Rh Substances in Amnionc Fluid Ermst Wtfebskj mnd Jams F 
Mabn J Exper Med S2. 143-^6 1943 

Witcbsky and Mohn present indisputable evidence that, contrary to the ^^cws prcviouslv held the 
Rh /actor occurs in a water sofubfc form fn their studies using amnionc fluid the authors found consid 
crablj less Rh active material than A and B substances in the amnionc fluid of sccretors As with the 
A and B substances there arc both sccretors and nonsccrctors, in about the same propomon as with A 
and B, 1 c , about 80 per cent and lo per cent rcspccuvcl} There is how'cvcr no corrclanon whatever 
of A and B and Rh sccretors or nonsccrctors 

In three cases of Rh negauve mothers of ciy throblastonc infants, it is significant that the three Rh 
posm^c affected infants proved to be nonsccrctors — L 

The Clinical Importance of the RJi Blood T}'pc L Fi. Diamond New England J Med 232.447-50,1945 
This comprehensive review is based on a large cxpcncncc with matcnal tested at the Blood Grouping 
Laboratoiy Children s Hospital Boston The author stresses the sevent) of the hcmolvnc disease in 
infants if the Rh negative mother was prcviousi) immunized b> transfusions The madcncc of cr^ 
throblastosis fetahs m the author s senes is one in 150 foil term dclivcncs Diamond refers to cxpenmental 
iso-immunization in ten Rh negauve men, six of whom developed sausfactory titers 

CThc author does not suffiaently diffcrenuatc the vaiyung importance of the several vancucs of ann 
Rh sera, one of which, it was shown, will detect 52. per cent of all mstanccs of iso-immumzauon Also 
there is no evidence to indicate that the placental barrier must be fault) to permit transplacental 
iso-immuaizaaoQ ) — P L 


Dctccuou of BJi Sensitizauon Evaluauoa of Tests for Rh Antibodies L K Diamond and Fi Ahthot 
J Lab &. Clin Med 30 668-74, ^545 

The authors now behc\c that their slide agglutination test cannot be cliated with the use of washed 
blood The presence of scrum rather than a hezvy cell suspension is the important factor The vanons 
tests for dctccnoa of iso-immimizauon against the Rh factor arc discussed and evaluated The open 
slide test IS most useful as a rapid screening test for selection of sera containing blocking antibodies 
The highest degree of accurac) is obtained b) the several tests (agglutmauon, blochmg, and the use 
of the scrum suspended cells) 

([The biological test of Wiener is described but there should never be an\ need for this measure, 
which may serve onh to increase the degree of iso-immunirauon ) — P L 

The Producuon of Rh Anuserutu in Guinea Pigs through Inoculauon wuth Red Blood Cells B B Carter 
Am. J Clin Path 15 178-79, 1945 

The producuon of specific anu Bh. aggluunins in gumca pigs injected \vith human blood is desenbed 
Each of the six guinea pigs de\ eloped anu Rh aggluunins which after absorpuon with Rh negative 
blood ga^c disunct diffcrcnuation of Rh posiuvc and Rh ncgau\c blood The agglnnnins corresponded 
in speafiat) to the human anu Rho — P L 


A New Rhesus Anubod) A E Moarant Nature /// 542. 1945 

This anubod) produced b) a pauent immunized b) repeated transfusions aggluunatcd 96 per cent 
of all group O individuals The 4 per cent nonreactors arc mainly Rhj or Rh" The author believes that 
this aggluumn corresponds to the anubod) predicted b) Fisher, which should fail to react with the cells 
whose genotype is composed cxdusivcl) of Rh Rh', Rh^, and Rh^ — P L 


Anu Hr Scrum of Levine R K Race^ M I^iacFarlanCy D F CappeII,andR A Fisher Nature 133 54-43 


1945 

On purely thcoreucal grounds Fisher predicted three vancucs of anu Hr sera. 


called Y* 
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St scrum seemed to be identical in spccificitj with Hr sera and to correspond to y \ arict) The t) \ aricry , 
reacting wuth 96 per cent of all bloods, was rcccntlj described b> Mourant On the basis of a statement 
by Waller and Let me the authors belies cd that the Hr sera of the American workers correspond to the 
third s aricty t 

(The potent anti Hr sera of Lcsinc reacted on about 80 per cent of white indisiduals and almost all 
colored mdisiduals In his senes Lcsinc found that in tests with a potent anti Hr agglutinin, the blood 
of all RhiRhj indisiduals gate fojttive reactions The British workers sscrc misled by a clerical error 
for which Lcsinc assumes full responsibility Consequently, the third s aricty 0 is still to be described ) — 
PL 

Pathogenesis of Congenital Hemoly tic Disease CEry throblastosis Fetalis) I Theoretical Considerations 
A S Wiener Am J Dis Child (m press for Feb , 1946) 

Some of the puzalcs in the pathogenesis of congenital hemolytic disease (and of intragroup transfusion 
incompatibility) arc (i) Why only i in 2.5 to 50 Rh negative individuals exposed to Rh positive blood 
becomes scnsinzcd to the Rh factor, (1) the lack of correlation between the titer of the anti-Rh agglu 
tinins in the patient s scrum and the intensity of sensitization, (3) why certain infants apparently normal 
at bitth suddenly develop jaundice and anemia after several hours or day s, often severe enough to cause 
death (4) the role of the A and B factors m congenital hemolytic disease, (5) why the first bom is almost 
invariably spared, imlcss the mother has been scnsiuzcd by a previous injection of Rh positive blood, 
and (6) the occurrence of congenital hemolytic disease when the mother is Rh positive 

I The author postulates the existence of a pair of allcbc genes, K and k, where K confers the capacity 
to become sensiuzcd readily, while k is the contrasting normal gene Almost all (about 97 per cent) of 
individuals belong to genotype kk Such individuals, if Rh negative, arc not apt to become sensitized to 
the Rh factor after a transfusion of Rh positive blood or after beanng an Rh positive fetus About 3 per 
cent of individuals are believed to belong to genotype hk, and these arc the patients who arc likely to 
have crythroblastotic infants or intragroup transfusion hemolysis The rare individuals of genotype KK 
should be extremely easy to sensitize, and probably account for the rare eases of erythroblastosis in the 
first pregnancy , or instances of multiple sensitizauon to Rh and M, etc 

z Individuals sensitized to the Rh factor may form other varieties of Rh antibodies besides agglu 
tinins Agglutinins are assumed to be bivalent (having two combining groups) or multivalent, and 
agglutmation occurs as the result of the formation of a latticework (Marrack hypothesis) when the 
agglutmms combine with Rh positive red cells Univalent Rh antibodies can be detected only by the use 
of special technics blocking tests or conglutination tests Univalent antibodies arc presumably composed 
of smaller molecules than agglutinins, and therefore should be capable of traversing the placental 
barrier into the fetus more readily 

3 The difference between agglutination and conglutination can be summarized as follows 
Rh positive , Bivalent Rh antibodies 

red cells ?*''' (agglutinins) gives Agglutination 

Rh positi\c , Univalent Rh antibodies plus Conelutinin , 

red cells (blockers and/or glutm.ns) (X protein) “ Conglutination 

Conglutinin (or X protein) appears to be a complex of scrum albumin, scrum globulin and phospholipid, 
■\\hich IS absorbed by antigen after it has been sensitized by its specific antibody Because of its colloidal 
properties X protein causes the sensitized red cells to stick together, and in vivo, probably in conjunc 
tion with complement it brings about slow hemolysis According to the author s theory only the simple 
precursors of X protein arc present in the fetus, but the physiologic changes occurring after birth cause 
these to aggregate into the larger molecules of conglutinin thus accounting for the delayed onset cf 
congenital hemol) tic disease 

4 The natural A and B agglutinins arc believed to be composed of large molecules Only when 
indi\iduals of genot}^ Kk (or JCK) become sensiuzcd arc univalent A and/or B antibodies formed, 
\Nhich can tra^crsc the placenta more readily Congenital hcmolyuc disease occurring in this way ma) 
be indisunguishablc clinicall) from eases caused by Rh sensitization, usually, howc\cr, the A-B-O 
cases arc milder 

5 During pregnane} \illi ma} become detached, but the feui red cells contained in them will usually 
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be too few in numbers to sensitize an\ but the rare patients of genon-pe b-k. During labor and debven 
owing to the disturbances at the placental site presumabb larger numbers of fetal red cells could ifiio 
access to the maternal arculation sufficient also to sensitize patients of genon-pc kt. 

6 These cases arc cvplaiocd b\ sensmzation to the A B factors as indicated under (4) and b\ sensi 
tizanon of mothers of one Rh blood t\-pe to blood of a different Rh n-pc or sensitization to the Hr factor 
etc Inasmuch as factors Rh' Rh", and Hr are much less antigenic than Rho these cases arc rare — \S'i\ 

Pathogenesis of Congenital Hcraoh tic Disease (En throblastosis Fetalis) n Illustrative Case Histones of 

Rh Sensitizanon A S Wtmtr anJ E B Sonn Am J Dis Child (m press for Feb 1346} 

Eleven cases arc presented which illustrate the following points 

I The Hr test is a valuable aid in determining the homozigositi or heterongositj of tipe Rh, 
individuals When the Hr test is negauve the individual is homozvgous (either gcnotvpe RiiRf, or 
RiiRi') w hilc if the Hr test IS posiuv e he is almost surclv hetcrozvgous If a man is homozvgous for 
the Rh factor and his wife s serum contains Rh blocking antibodies the prognosis for future pregnannes 
IS virtuall) hopeless 

- In the presence of Rh sensitization, plasma transfusions should be given instead of blood trans 
fusions unless Rh negauve donors are av ailable 

3 Even a small intramuscular injccuon of Rh posiuv e blood mav be sufficient to sensitize an Rh 
negauve woman and thus prevent her from having viable infants 

4 The mjecuon of a potent anugen maj prevent an indiv idual from becoming sensiuzcd to a wcalcr 
anugen to w hich he or she is exposed simultancouslv For example the io|ecuon of tvphoid or pertussis 
V acanc during pregnanCT maj be worth while in the case of Rh negative pauents with sisters who have 
had erv throblastonc infants Once sensiuzation is developed howxver countcnmmunizauon does not 
appear to affect the degree of sensiuzauon 

3 That univalent annbodies (blockers) are more important than bivalent anubodies (agglutinins) 
in the pathogenesis of congenital hcmolvtic disease is proved bv the ease with which the former can be 
demonstrated in the serum of er)-throblastotic infants in the absence of aggluunins 

6 In mans cases earl) cesarean secuon is ineffectual in the prevenuon of congenital hemolvtic dis 
case because the disease often is initiated b) the birth of the infant According to the author s theon 
the profound phvsiological changes occurring after birth cause the formauon of \ protein in the infant s 
plasma and thus favor the onset of hemolvsis Besides cesarean secuon subjects the mother to the 
addiuonal hazards of an operauon and the infant to the hazards of prematuntv 

~ The presence of high hemoglobin concentration in an infant with hemolvuc disease mav mcreh 
mean that the disease process is mild but frequentl) such cases develop kemicterus or hemouhagic 
manifestauons and die In an) event there is nothing to be gained b) prophvlacuc transfusions before 
the hemoglobin drops below So per cent because the onlv effect of transfusion therapv is to couect the 
anemia and the onl) infants benefited arc those who would otherwise die from anemia In anv case, 
transfusion of too much blood is to be avoided because this is dangerous 

5 Women differ in the case with which thev can be sensitized to the Rh factor so that while most 
require onlv one or two pregnancies or transfusions occasionallv sensiuzauon docs not develop until 
there hav e been as man) as sev cn to ten or more pregnancies Once sensiuzauon has dev eloped it appears 
to be permanent though pauents differ m the degree of sensiuzauon Thus some pauents mav have 
repeated sullbirths while others have viable infants who recover after transfusion therapy 

5 A woman developed high titered anti Rho and ann Rh' aggluunins after giving birth to a tvpe 
Rh infant who died of hemoljtic disease The utcr of the anubodies showed hardl) an) change after 
thirteen exchange transfusions with normal Rh negauve male donors The husband was shown to be 
homozygous for the Rh factor, so when the pauent became pregnant a therapeutic aboruon was per 
formed 

10 For transfusing ciy throblastonc infants fresh blood is preferable to bank blood when aval a e 
Improperly stored blood breaks down qmckl) in the infant s arculanon 

II Mothers with latent diabetes ma) have an obstetneal history clinicallv indisunguisbab e roni 
erythroblastosis fetalis In one such case the difficultv of diagnosis was increased b) the fact t^at t 
pauent was Rh negauve and the husband Rh posiuvc In such instances tesung for Rh anti 

the maternal scrum b) the conglutinauon method is a reliable aid in the differential diagnosis 
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PERSONALIA 

On the evening of December 5, 1945, Dr George Richards Minot of Boston 
w^as tendered a testimonial dinner on the occasion of his sixtieth birthday Many 
distinguished colleagues who had been associated with Dr Minot and his work 
were present Dr William B Castle as toastmaster introduced the speakers, who 
discussed various stages of Dr Minot s activities, from his childhood on The 
speakers included E)r Henry A Christian, Dean C Sidney Burwell, Dr Elliot P 
Joslin, Dr F M Rackemann, Dr J H Means, Dr James B Manary, and Dr 
Lawrence B Ellis 

Dr Reginald Fitz on behalf of the President and House of Delegates of the 
American Medical Association presented Dr Minot with a medal conferred for 
distinguished service to the profession 

The toastmaster presented Dr Minot with a bound copy of letters of congratula- 
tion from distinguished leaders in the field of hematology and climcal investiga- 
tion, both in America and abroad 

As a climax to the occasion Dr Minot was notified of his election to membership 
in the Academy of Medicine of Pans 

Dr Emil Schwarz, formerly of Vienna, Austria, and now working in the 
Hematology Department of the Michael Reese Hospital, Chicago, has recently 
celebrated both his eightieth birthday and the receipt of his United States citizen- 
ship He IS reportedly the oldest person to have attained citizenship recently His 
activities and continued keen interest in the field of hematology belie his age 

Dr William Dameshek of Boston, upon invitation of the National University of 
Mexico, gave a series of lectures at the Medical School in Mexico City in January 
The titles of the lectures were as follows Physiologic Principles in Anemia, 

Hemolytic Anemia, and Certain Disorders of the Spleen Professor I 
Gonzalez-Guzman, Dean of the Medical School, presided At the conclusion of the 
lectures. Dr Dameshek was awarded an Extraordinary Professorship of Medicine 
m the Medical School 

Dr Moises Grinstein, of Cbrdoba, Argentina, is joining the staff of the School 
of Medicine of the University of Utah to work in the field of porphyrins Several 
years ago. Dr Grinstein worked with Dr C J Watson at Minnesota The Utah 
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group has become vciy much interested in the porphjTins as well as in the metabo- 
lism of iron and copper m connection with their studies of the nature of anemia of 
infection 

Dr Steven O Schwartz has recently been appointed Hematologist to the 
Hektoen Institute for Medical Research, of the Cook County Hospital Dr 
Schwartz will continue in his ptesent capaaty as Director of the Hematolog) 
Laboratories of the hospital 

Dr Thomas Benton Cooley C Cooleys anemia ) died on October 13, 1945,10 
Detroit A graduate of the Umversity of Michigan, Department of Mcdiane and 
Surgery, Ann Arbor, 1895, tiom in Ann Arbor, Michigan, June 1871 

He was professor and head of the Department of Pediatrics at Wajne Umvenit) 
Medical School from 1936 to 1941, when he became emeritus professor He was 
Past President of the American Pediatric Society, and of the American Academ) of 
Pediatrics, Founder President of the Detroit Pediatric Society, Past President of the 
Detroit Academy of Medicine For many years he was chief of the pediatric service 
and chairman of the staff of the Children s Hospital in Detroit He died at the age 
of seventy-four, of hj’pertensive heart disease 

MlSCmiXANEOUS 

The Massachusetts Department of Public Health will soon begin distribution 
of blood plasma and other blood products without cost on the same basis as scrums 
and vaccines The service will operate as a unit of the division of biologic labo- 
ratories The legislature has appropriated $174,000 to equip, staff, and operate a 
blood and blood derivatives program, and the Godfrey M Hjams Trust of Boston 
has donated $176,000 to Harvard Umversity to construct a modem, well equipped 
laboratory building in which processing and fractionation of blood and its pro- 
ducts can be earned out The project will include collection of blood, processing of 
the blood, and distribution of these products 

The Medical Society of the County of New York has incorporated a nonprofit 
organization known as the Blood and Plasma Exchange of New York, Incorpora- 
ted, to make blood and plasma readily available to patients in avilian hospitals at 
a small cost 

The Mexican cardiological and hematological journal. Archives Latine-am<ricii 
nos de Cardtologta } Hematologta, which has been published since November, 1930, 
has discontinued publication The hematological section of the journal was under 
the edito'ial direction of Professor Ignacio Gonzalez-Guzman of Mexico Cit) 
With the inauguration of the new National Institute of Cardiolog)' m Mexico in 
1944, the journal became devoted strictly to cardiology, beginmng with the 
ber, 1944, number The present name of the journal is Archnos del Instituto e 
Cardtologta de Mexico, and its Editor-in-Chicf is Dr Cha\ez 

The French hematological publication, Le Sang, has been issued regular > 
throughout the war under the editorship of Paul Chevallier and published bj 
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Doin & Company of Pans Beginning with the fourth number of the sixteenth 
volume published in November, 1944, the review is under the direction of the 
following Editorial Board Editor-in-Chicf, P Emile-Weil, Associate Editors, 
Noel Fiessinger, Paul Chevallier, J Koskam, Editorial Secretary, Jean Bernard 
A number of reports, mostly unofficial, indicate that folic acid may well turn 
out to be the chemical of the year This particular fraction of the vitamin B 
complex IS probably not itself the long searched for liver extract factor, although 
there seems to be little doubt that it induces typical reticulocj^e and erythrocyte 
responses in cases of Addisonian pernicious anemia However, we learn that the 
most brilliant results have thus far been obtained in the treatment of sprue, and 
in other macrocytic anemias related to but not identical with pernicious anemia 
It IS expected that complete data on the use and limitations of folic acid will 
shortly be available 


SOCIETY 

The first meeting of the recently established Society for the Study of Blood 
was held at the New York Academy of Medicine on June 14 Addresses were deliv- 
ered as follows Development of Hematology in New York City by Dr Nathan 
Rosenthal, The Role of the Hematologist in the General Hospital by Dr Eugene 
R Mar2ullo, and Blood Banks of the Future by Dr Lester J Unger The officers 
elected arc President, Dr Alexander S Wiener, Vice-President, Dr Paul Rcznikoff, 
Secretary-Treasurer, Dr Peter Vogel A second meeting was held at the New York 
Academy of Medicine November 8 to hear the following speakers Dr John T 
Edsall, Boston, on The Anti-hcmophiliac Globulin of Normal Plasma , Dr 
Louis K Diamond, Boston, on The Clinical Use of an Antihemophiliac Fraction 
of Blood Plasma , and Dr Randolph West, New York, and Erwin Chargaff, 
Ph D , New York, on Hemophiliac Clotting Defect in a Female 
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Htmetclof/! fcr Students and Practtttonirs BjWiuJsW Fowler MD Paul B Hoeber, Inc , New ^oiL c 
London Pp 499 $8 00 

For a long time, there was a dearth of American texts dealing with the blood In the last few jears 
howeser this deficieocj has rapidl) been remedied and it is probable that before long the pendulum 
will Swing the other wa) The most recent of the new texts is that bj Fowler of the Univetsit) of Iowa 
The book originated as an expansion of the author s lecture notes for medical students, and as such 
IS characterized b) simpliaty of presentation It often seems too simple, however ei en for those who arc 
relativel) uninformed This being so, the practiaoner who wants some real information on a giien 
subject had better turn to more comprehensive texts 

There arc man) things in the book with which one might take issue For example the megaloblast is 
pictured as the precursor of the normal nucleated red cell (normoblast) man) invesngaaons have shown 
that It IS an abnormal cell characteristic of a liver extract deficienc) The colored plates dealing with the 
megaloblasts are poorly done as arc those of the platelets Much of the text is old fashioned and out 
dated b) recent reports, e g the descripuon of so*callcd Lcdcrer s anemia, and its supposed speafic 
response to transfusions, the supposed effectiveness of pentose nucleotides in agranuloc) tosis with no 
mention of the value of antibacterial agents such as the sulfonamides or peniallin, the use of the term 
Banti s S)'ndrome the lack of an) discussion of the milder forms of Mediterranean anemia etc., etc 
The discussions dealing with the deficienc) anemias are well presented, and the chapter on the M)elo- 
phthisic Anemias is reasonabl) well done The bnght spot of the book, however is the chapter by 
DeGowin on transfusions of blood and blood denvativcs This stands out because it is refreshingly up-to- 
date complete and excellently wntten There is a short chapter on hematologic methods An outstanding 
ph)sical characteristic of the book is the excellence of the print work which is done on high grade 
glossv paper 

Bhod Groufs and Transfusien B) Alexander S Wiener C C Thomas Co , Springfield, 111 , 1945 3 ^*^ 
edition second printing Pp 438 $7 50 

Smee the first edition of this now standard and well knowm text was published a decade ago, e 
subject of the blood groups and transfusion has attained a rapid and truly monumental growth Ills is 
due chiefl) to two factors the war, with its emphasis on transfusions of blood plasma and p asma 
fractions, and secondly the startling discovery of the Rh aggluunogen and its relationship to ultra 
vascular transfusion reactions and to acute hemol)nc anemia of the newborn These developments ui 
which Wiener has been a leading figure have necessarily led to extensive revisions and additions as 
result the text is almost twice as long as in the first edition Some of the older material dea ing wi ^ 
transfusions of blood might well have been omitted and more space given to the Rh factor an to 
all too short chapter on Blood Groups and Disease For example very little is said about ' ^ 
hemagglutmin and its relationship to primary aty-pical pneumonia This agglutmin is not 

the occasion for the diagnosis of incompatibility and may be responsible for certam cases 0 

anemia and of gangrene The subject of hemolysins is not discussed although smee complex 

and agglutinms are closely related, it might conceivably have been given a place in this vo ume^^^^^^ 

aiticisms It must be confessed are perhaps made because of a personal bias on the part 0 t ^ 

and should by no means detract from the v aloe of this book which is outsunding 

standard reference text particularly from hereditary and medico-legal aspects, has t 

proved 
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ANTI-ANEMIC PROPERTIES OF THYMINE 


Bj Tom D Spies, M D , Walter B Frommeyer, Jr , M D , Carl F Vtlter, M D , 

AND Aiw English, B S 

T hymine (L,4-<lioxo-5-methyl pyrimidine), one of the nucleotides found 
in thymo-nudeic acid, was isolated by Kossel and Neumann in 1893,' and a 
few years later was s}nthesized by a number of other investigators Since it is an 
integral portion of the biologic cell we have had spcaal interest in the possibilit) 
of its having a role in hemopoiesis for some time Our recent studies- showed that 
no hemopoietic response in macrocytic anemias occurred following the adminis- 
tration of one gram or less of thymine daily and that even 4 5 grams given daily 
produced only a submaximal response The present communication is concerned 
with the effect of administering larger doses of th)mine to patients with Addi- 
sonian pernicious anemia in relapse 

Thjnuac (1,4 D1OXO-5 methyl p)rimidinc) 

h_n-c=o 

0 =C C— CH, 
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Three patients \sith macrocytic anemia and a histamine refractor) achlorh)dria 
and achylia were admitted to the hospital for study The diet, which excluded all 
meat, meat products, fish, poultry, and uncooked fresh leafy vegetables and which 
allowed only one pint of milk and one very well cooked egg a day, was rigidl) 
controlled Daily hematological studies were performed as previously described * 

Physical examination on admission in all three subjects revealed the character- 
istic signs of pcmiaous anemia and, in addition, arteriosclerosis of moderate 
degree One of the patients had a chronic pelvic infection which was active during 
the first eleven days of her treatment period The other two subjects had no 
evidence of acute or chrome infection 

Prior to treatment a complete blood count, blood indices, sternal bone marrow 
studies, icterus index, urinalysis, stool analysis, gastric analysis, oral glucose 
tolerance tests and gastro-intestinal X-rays were made on each patient In each 
of the three cases the color index was above i o, and the mean corpuscular volume 
was greater than no o cubic microns, the mean corpuscular hemoglobin and mean 
corpuscular hemoglobin concentration were greaterthan 32. micro-micrograms and 
34 per cent, respectively Sternal bone marrow was obtained by means of the 
Turkcl trephine, the puncture being made through the sternum opposite the second 

Unucrsit) of Cincinnati Studies in Nutrition at the Hillman Hospital, Birmingham Alabama 
From the Department of Internal Medmne Unirersit) of Cincinnati College of Medicine 

These studies Mere supported b\ grants from the Birmingham Citizens Committee Fund and from 
Hoffmann La Roche Inc 

Read at Jefferson Count! Medical Socien Birmingham Alabama March 18, 1546 
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intercostal space The bone marrow preparation from each patient showed arrest 
of the cells at the megaloblastic level In each case the icterus index was aboic 
normal and the unne and stools were essentially negative Gastric anal} sis after 
histamine stimulation showed achlorhydria and ach}lia in all the patients In 
each case, upper gastro-intestinal senes and oral glucose tolerance tests were 
essentially normal 



Fig 1 The Hematologic Response IN A Patient WITH PERNiaOD* Anemia IN Relapse TO Vabigso 

Doses of TnY^riKE 


The thymine was weighed on an analytical balance and suspended in one-half 
glass of cold tap water The glass was rinsed twice with water which the patient 
drank in order to insure his obtaining an) undissolved thymine which might cling 
to the sides of the glass 

Case I was given o 5 grams of thymine twice dail) for six da) s without an) 
hematological or clinical response The dose was then increased to 2. o grams three 
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times a day for fourteen days The effectiveness of these dosages is shown in 
Fig I 

Case n received 3 4 grams three times a day for eleven days 
Case III was given i 5 grams three times a day for fourteen days The dose was 
then increased to 3 4 grams three times a day The response of these three patients 
to this therapy is shown in the accompanying tables 

In Case I the initial reticulocyte response and the peak reticulocytosis were 
delayed This might have been due to an acute exacerbation of a chronic pelvic 


Table i — Efftct of Oral Administration of Tbjminc on Ptripberal Blood in Pernicious Anemia 



R B C (millions 
per cu mm ) 

Hg (Gm per 

100 cc ) 

Rcticulocj tes 
(%) 

Dosages 

th>'mine 


Case 

In 

itial 

14 

dajs 

Final 

da> 

In 

itial 

14 

da>s 

Final 

da> 

First 

da\ 

1 

rise 

Da> 

of 

peak 

Per 

cent 

1 

■ peak 

Dail> 
dose 
\(Gm ) 

\o 

of 

da>s 

Toul 

1 Gm 

Remarks 

I (B B) 

2 01 

2 43 

2 88 
(221 

6 3 

7 5 

10 4 
C22J 

i ‘ 

n 

14 2 

1 6 0 

14 

84 

59 >car old Negro 
fema/e 

Chr pelvic mflara 
raatorj disease 
Moderate arteno- 
sclerosis 

Received I 0 Gra 
q d X 6 without 
response 

II (H R) 

1 58 

2 29 

2 SI 
(17) 

0 2 

10 1 

9 8 ' 
(17) 

4 

6 

19 0 

10 2 

11 

i 

112 2 

57 year old while 
female 

Moderate arterio 
sclerosis 

III (D L ) 

I 67 

1 93 

2 34 
(18} 

7 5 

9 4 

9 8 
(18) 

6 ' 

11 

9 0 

4 5 
10 2 

1 

13 1 

4 

58 5 

40 8 

75 >car old white 
male 

Moderate arterio- 
sclerosis 


Table 1 — Effect of Oral Administration of Tbjmme on Leucocytes m Patients with Pernicious Anemia 


Case 

Initial 

7 th day 

14 th day 

UB B) 

X 950 

4950 

1 

9x00 

n CH R) 

4100 

5100 

6ioo 

m (D L) 

6950 

7730 

8950 


infection during the first eleven days of therapy Case II showed the type of reticulo- 
cyte response which could be expected following adequate therapy with a potent 
liver extract ^ ^ In Case III an effort was made to determine the optimal dose by 
means of the double reticulocyte response described by Castle and Minot ' After 
what appeared to be a submaximal reticulocyte response to i 5 grams of thymine 
three times a day and after the reticulocytes were consistently decreasing in num- 
ber, the dose was increased to 3 4 grams three times a day The second reticulocyte 
peak of 8 8 per cent occurred on the 6th day after the increase of dosage Coinci- 
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dent With the reuculocytc response m each case, there was a great inacasc in 
appetite, strength, and vigor 

Sternal bone marrow studies were repeated on the 17 th, 7 th, and iith da}s 
after treatment was instituted m Cases 1, 11, and III respecuvciy In Cases I and II 
the bone marrow smears showed a reversion from bone marrow characteristic of 
megaloblastic arrest to bone marrow which was normoblastic Such a change was 
indicative of adequate therapy with a potent anti-anemic substance and a reversion 
toward a normal bone marrow The bone marrow in Case III did not show as 
marked a normoblastic reversion as in Cases I and 11 Although some megaloblastic 
arrest was evident, there was a definite increase in the number and percentage of 
normoblasts with a concomitant decrease in the number and percentage of megalo- 
blasts as compared with the control bone marrow smear Thus, the marrow in this 
case was charactcrisuc of an inadequately treated case of erythrocyte maturation 
factor deficiency anemia 


SUMMARY 

Three patients with Addisonian permcious anemia were selected, hospitalized 
and given a diet devoid of meat and meat products After baseline hematological 
studies were made and checked repeatedly, daily large doses of thymine were 
given orally 

The clinical and hematological improvement in these three patients was in 
every way similar to that which follows the administranon of folic acid to pa- 
nents with permcious anemia in relapse The exact mode of action of thymine is 
obscure, bur it is possible that folic acid maj act as an enzyme or co-enzyme in the 
synthesis of thymine or a thymine-like compound Such synthesis may take place 
in the gastro-intcstinal tract The present findings indicate that thymine has anti- 
anemic properties and a profound effect on the general metabolism of patients 
with Addisonian pernicious anemia in relapse 
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ACUTE HEMOLYTIC ANEMIA AND HEMOGLOBINURIA FOLLOWING 
SULFADIAZINE MEDICATION 

Report of a Case 


B ) Joseph F Ross, M D , and Bertha L Paegel, M D 

ACUTE hemolytic anemia is a serious complication of medication with sul- 
fanilamtde and its derivatives Its incidence vanes with the type of sulfon- 
amide employed, being highest with sulfanilamide and lowest with sulfadiazine 
It IS important, however, to realize that no sulfonamide compound is free from 
the hazard of producing acute hemolytic anemia, and to recognize the grave nature 
of this complication Death has occurred in between 5 per cent and 10 per cent of 
the reported cases of sulfonamide hemolytic anemia The importance of promptly 
recognizing the signs and symptoms of acute intravascular hemolysis, and the 
necessity for immediately instituting proper therapeutic measures can scarcely be 
overemphasized 

The mechanism by which the hemolysis is produced is obscure We arc reporting 
the findings in a case of acute hemolytic anemia which appeared following the 
administration of sulfadiazine, since certain abnormalities in the erythrocytes give 
some indication of the nature of the hemolytic process Seven cases previously 
have been reported in which acute hemolytic anemia is stated to have been pro- 
duced by sulfadiazine However, in several of these cases the etiologic role of 
sulfadiazine is very questionable 


CASE REPORT 

K P a 4 }car old, white female child, was admitted to the Pediatric Scrsice of the Massachusetts 
Memorial Hospitals at 5 30 a m July ir. 1944, because she had been soiding dark bloodj urine 
during the past 19I hours Five days prior to admission she dcreloped a severe sore throat and a non 
productive cough Two days before admission her temperature was found to be 103° F and a physician 
was called to see her He found evidences of tonsillitis and pharyngitis and recommended that o 15 gram 
of sulfadiazine be given every four hours The first dose of o 15 gram of sulfadiazine was given at 4 00 
p m on July zo 1944 and the child immediately vomited A second dose of o 15 gram was given four 
hours later and she again vomited No more sulfadiazine was given until 8 00 a m the next day July 
zi 1944, when a third dose of o Z5 gram was administered and was again followed by vomiting No 
more sulfadiazine was given The child was weak, pale and listless, and at ro 00 a m voided urine which 
was of a dark bloody color Large amounts of fluid were given by mouth and there was resultant 
frequency of urination All urine was of a dark bloody appearance The child became progressively 
weaker and finally fainted in the bathroom one hour before admission to the hospital 

She had received a total of o 75 gram of sulfadiazine, much of which was vomited immediately after 
ingestion The first dose was given 372 hours before and the last dose rzj hours before admission 
The child had received sulfonamide medication on two previous occasions 


From the Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, the Department of 
Medicine Boston University School of Medicine and the Depanment of Biological Chemistry Harvard 
Medical School Prepared under tenure of a Welch Fellowship in Internal Medicine of the National 
Research Council 
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jjears before the prescnc illnes"; sh- was guen sulfathiazole in small amounts for a period of two 
da)s because of a cold and bronchitis She sonuted several times immediatelj after receding 
the drug but showed no other ill effects 

i}tars before the present illness she received o 15 gram of sulfadiazine e\cr} four hours for a period 
of two days because of a set ere chest cold There was no reaction to this medication 
The patient had been a normal full term baby and had developed normall) She had been immunized 
against diphtheria and whooping cough She had not contracted anv of the childhood diseases, and 
except for three episodes of upper respiratory infections and bronchitis 3 years, 1 ) ears and 10 months 
fte/ofc rhe prescnc rWncss bxd afwajs been well There hid been no evidence of afferg) The famil) 
histor) was negatne Her mother had been bom in Ireland and her father was a name bom American 
of Portuguese extraction One male sibling aged % years was well 

Physical examination at the time of admission to the hospital revealed a well des eloped well 
nourished white female child appearing acutely ill and lethargic The temperature was too 8° F per 
rectum The pulse was of poor qualit) and the rate was 148 per minute The respiratory rate was i6 per 
minute The skin was warm dry pale and slightly icteric There were no pctechiae and no rash The 
ear drums were negatne The sclerae were ictcnc The e)es were not otherwise remarkable There ivas 


no nasal discharge The mucous membranes were very pale The teeth were normal The tonsils ivcrc 
hypertrophied and moderately injected The phar)nx was slightly injected but there svas no exudate 
The neck was supple and there w as no enlargement of the 1 ) mph nodes in the cert ical region or elsew here 
The thorax was not remarkable and respiratory ex-pansion was normal The lungs ssere clear to per 
cussion and auscultation and no rales were heard The heart was of normal size The rh) thm was regular 
and the rate 148 per minute The sounds wxrc of poor quality No murmurs wxre heard The systolic 
blood pressure sras too millimeters of mercury KorodcofT s sounds were audible at sxro pressure The 
abdomen was soft syTnmetncal and non tender No masses were palpable The liver spleen and kidneys 
could not be felt There svas no costovertebral tenderness The external genitalia were normal There 
was no peripheral edema and no redness swelling or tenderness of the joints Reflexes were physiological 
Her weight was 35 pounds, and her height 39 inches 

Laboratory Fiiidtn^j Utine voided shortly after admission was deep red in color, and after centnfuga 
non the supernatant urine was of the same color and gave a strongly positive benzidine reaction Spectro- 
scopic examination revealed the characteristic absorption spectrum for oxy hemoglobin No mctheiuo- 
globin was found (table i) The slightest possible trace of albumin was present but there was no sugar 
ketone or bile Urinary sediment contained 3-5 leucocytes, many red blood cells and an occasional 
granular cast per high poner held The erjrbracj te count was z^izo 000 per cubic millimeur thehemo- 
globin 6 o grams per cent and the leucocyte count 43 000 per cubic millimeter Differential leucocyte 
count was as follows Polymorphonuclear neutrophilic leucocytes 80 per cent, lymphocytes iz per cent 
monocy tes 5 per cent eosinophils 3 per cent Blood studies are summanzed in table a The blood scrum 
was deep red and contained a large amount of hemoglobin Subsequent spectroscopic examination re 
sealed the absorption spectra of oxyhemoglobin and methemalbumin (table 3} The blood non protein 
nitrogen was 31 mg per cent The carbon dioxide combining power of the plasma was 47 5 volumes ptr 
cent Blood obtained at the time of admission contained o 84 mg per cent of sulfadiazine per ico cc , 
and the following day no sulfadiazine could be demonstrated Blood culture taken on admission showed 
no growirh A culture of the throat revealed numerous colonies of hemophilus influenzae and hemolytic 
staphylococcus aureus (coagulaje positive) a few colonies of pneumococcus type 19 micrococcus flavus 
micrococcus caurrhalis and diphtheroid bacilli No hemolytic streptococci were recovered Two stools 
were well formed brown and the guaiac rest was negative The Hinton test for syphilis w.s negative 
The patient s blood was group O Rh factor positive The estimated total blood volume was 1430 cc 


Clinical Count The clinical course is summarized in Figures i and z 

July 22y If 44 On admission the child appeared to be on the verge of vascular collapse, but with rest 
her condition gradually improved An infusion of 400 cc of 10 per cent glucose in normal saline solution 
vv as given without marked response Her ery throcy te count had fallen to i 8zo coo by 8 co p m Ttans- 
fusion of 450 cc of citrated blood produced considerable clinical improvement and increased the erythro- 
cyte count to z,68o 000 per cubic millimeter Six grams of sodium bicarbonate were given by mout 
during the course of rhe day and the pH of the urine was 8 Marked hemoglobinuna continued all av 
as noted in tabic i, but the urinary output was normal She was given 5000 units of penicillin intramuscu 


larly every three hours dunng the first five days of her hospiul stay 
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July 2}y jg44 Hemoglobinuria continued all daj , and the er\ throc\ te count ^\ h ich had been 1,680,000 
at II 30 p m after the transfusion on the prcMous da) had fallen to i 6co,coo at 8 00 a m The patient 
wzs again transfused with 115 cc of citrated blood with resultant impro\emcnt in color and elevation 
of the er) throe) te count to 1,130,000 at 8 00 p m Following the transfusion the unre became lighter 
m color but still contained hemoglobin No sulfadiazine could be detected in the blood Four grams of 


Table i — Vrwary Hcmoghhin Excretten 


Date 

Time 

Volume 

Color 

Abnormal Urinar> Pipnenls ' 

Sediment per high 
power Held 

Cone n 
Total 
Heme 
Pigment 

Absorption 
spectrum char 
actcristic of 

j Total 
Heme i 
Pigment 
Excreted 

Or> 

hemo 

globiD 

Met 

hemo- 

globin 

7 / 22/44 

to 

7/23/44 

S 30 A3r 
to 

8 00 AM 

700 

Deep sherry 
red 

mg 

241 

++++ 

None 

mg 

1 690 

1 

ManyRBC 3-4B*BC 
occasional granular 
casts 

7/23/44 

to 

7/24/44 

8 00 AM 

to 

8 00 A M 

740 

Amber 





Rare RBC 5-6 BBC 

2 6 hv'aline and 
granular casts 

r/24/-« 

to 

7/2S/-U 

24 hr amt 

8 00 

210 

Deep sherT> 
red 

84 

1 

+ 

None 

177 


10 45 AJvI 

105 

Burgund> red 

1 154 

1 -b++ 

1 

-H- 

162 


3 IS P3I 

90 

1 Deep burgund> 
red 

202 

I++++ 

1 j 

None j 

182 


5 00 P M 

to 

8 00 A3I 

280 



Deep reddish 
brown 

69 3 

+ 

+ 1 

i 

194 



685 





715 


7/25/44 

Tns/u 

to 

1/26/U 

23 hr amt 

S 00 AM 

to 

7 00 P^I 

50 

Brown 

60 1 

i 

+ 

None 

30 

3Ia2]> manj 

granular casts 

7 00 TM 

to 

7 00 AM 

165 

Amber 

35 


None 

58 



215 





88 


7/26/44 

to 

7/27/44 

7 00 AM 

to 

7 00 AM 

450 

Amber 

IS 

isone 

None 

67 


7/27/44 

to 

7/28/44 

7 00 AM 

to 

7 00 AM 

850 

Amber 

2 4 

None 

None 

22 

Negative 


sodium bicarbonarc were given dunng the course of the day and an alkaline rcactioa of the urine was 
maintained The unnar) output remained normal 

July 24 ip44 The er) throe) te count had fallen to i 310,000 and the unne, which had tended to clear 
in the evening of the preceding da) again became port wine in color and contained large quantities of 
hemoglobin It appeared that the hemoI)tic process was still active even though the last dose of sulfadi- 
azine had been giv cn 72. hours prev jousl) and no sulfadiazine could be detected in the blood at this time 
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The patient was seen b) us for the first time on this date, and insestigationof the nature of the hemo 
1 > tic process s\as instituted No abnormal hemagglutinins or hemol) sins ssere found in her scrum at an) 
time (table 4) Er) throe) tes obtained shortl) after admission and on subsequent da\s were studied for 
abnormal scnsitmt) to cold warmth, lowered pH and h)potonic solutions of sodium chlondc (table 
5) The onl) abnormality detected was an increased susccptibilin of the red blood cells obtained JuU 
aqth to hemolysis when exposed to h)potonic solutions of sodium chloride Erv throq res obtained after 
this date showed normal resistance to h)potonic saline The fragilit) curses arc graphicall) presented in 
Figure 3 This increased h)potonic fragilit) was undoubtcdl) a reflection of the large numbers of 
sphcroc)tes present in the blood ' Examination of the blood smear shots cd that 46 8 per cent of all red 
blood cells svere sphcrocytcs (tabic 1.) There ssas extreme sanation in the size and shape of the en thro- 
c)tcs and pol) chromasia was marked Reticulocytes sserc numerous and a fess nucleated red blood cells 
sscre present (table a) 

The Icucoc) te count svhich had been high on admission, reached a Icscl of 63,650 per cubic millimeter 
on this da) , and m)cloc) tes and mctamc) loc) tes sscre present in the peripheral blood (table a) 


Table 3 — B/aod Serum Pigments 



Heme Pigraents 

Bilirubin 

Date 


Absorption spectrum characteristic of 




Total Cone n 




Direct 

Indirect 



0)c> hemoglobin 

Methemalbumm 

Mcthemoglobm 




% 






T/Wdd 


++++ 


None 

I 43 

4 34 

7/13/44 


++++ 

++ 

None 

1 38 

4 31 

7/Z4/44 

113 

++++ 

+++ 

None 

I 66 

3 95 

7/15/44 

igi 

++++ 

++ 

None 

I 

3 74 

7/16/44 

145 

+++ 

+ 

None 

I 81 

4 56 

7/18/44 

74 

++ 

+ 

None 

0 31 

0 90 

8/ 1/44 

8 

None 

None 

None 

0 08 

0 %- i . 


At 4 00 pm a sein in the left ankle ssas cannulatcd and 1100 cc of citratcd blood sscre administered 
during the next eight hours Ver) marked objectisc and subjcctisc improscmcnt occurred during the 
course of the transfusion and at its conclusion the er) throe) tc count had risen to 4 630 oco 

July 2j to August I, 1^44 Follossing the 1100 cc transfusion, the hemol) tic process ssas arrested and 
the erythrocyte count the hematocrit and the hemoglobin concentration sserc maintained at sausfactor) 
Icsels Hosvcvcr, abnormal heme pigments persisted in the blood scrum for the next three da)s (tabic 3) 
The characteristic absorption spectra of oxyhemoglobin and of mctbcmalbumin sscre detectable until 
Jul) ig The latter pigment svas detected in all specimens of scrum from Jul) za. through Jul) zg and ssas 
identified by its absorption maximum betsscen 6x3 m^i and 614 in/j, and b) the failure of 10 per cent am 
monium sulphide to disperse this absorption band although it svas rcadil) dispersed b) concentrated 
ammonium sulphide Spectroscopic examination shossed that neither the serum nor erythroc)tc$ con 
tamed meth-moglobin or sulfhcmoglobin 

Hemoglobin ssas not sisibic in the urine after the transfusion on July Z4, although small quantities 
sscre detectable by the hcmochromogcn technic on July zg and Juls z6 

Follosving the transfusion of Jul) zq and the restoration of rclatiscly normal blood Icsels of er) thro- 
C) tes and hemoglobin the child appeared quite sscll Her feser rapidl) subsided (fig i), she ssas allosscd 
out of bed on Jul) zy, and ssas discharged home on August i apparcuti) none the ssorsc for her illness 
At no time during the course of the illness had there been evidence of pneumonitis of ans t)pc 
Blood studies made on August i shossed onl) a mild anemia normal Icucoc) tc and differential counts, 
and a normal platelet count The er) throc) tes sscre practicall) normal in appearance and only a fess 
sphcrocytcs sserc noted on the smear The urine ssas compictel) normal 

September 12 1^44 The patient returned for blood studies She had been ssell since discharge and had 
gained sscight No abnormalities in the urine had been noted Ph)sical examination rescaled enlarged 
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and injected tonsils Heart and lun^s -nere not rcroarLable Liter and spleen tvere not palpable The 
remainder of the examination tvas within normal limits Eaaroinauon of blood (table i) and unne rc 
veaied no abnormalities 



Fio r CuKicAL CooRSE OF Patient with HEsioinmc ANssnA fou-owino Soi-taisiaiine Medication 



Fio i Normal and Abnoraial Serum and Urine Pigment* During the Course or the Disease 


Qctohir i 6 , i}44 Patient returned for further blood studies having been perfecti) "ell since last seen 
Phtsical examinanon "as essennalh negatiie except for enlarged tonsils The unne tvas negatite 
Blood studies including tests for abnormal fragiliD of the ervthrocvtes and for agglutinins an hemo 
t sms in the serum, tvere negative (tables l and 4 and fig 3) 
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Nortmbir 2, The child was admitted to the hospital for a period of 1-4 hours for tonsillectomj , 
which was unesentful The blood was normal 

Octobtr S She had been perfectlt well since last seen Dcselopment had progressed normalK 

Ph)sical examination was negatne Blood studies were normal (table 1) Tests for fragilits and abnormal 
agglutinins and hemoKsins were normal (table 5) 


Table 4 — Tats for lioagftutintrrs and Isalxmoljsins 



Patient 5 Cells 

Dale 

Control Cells 
j Blood Group 

im 1 

uli 

7/24 

7/26 

A 1 

B 

0 

AB 

A B 

AH 

AH 

AH 1 

AH 


A 

A 

A 

A 

Saline 

ig 


m 

0 0 

0 

0 

1 

0 

0 

0 

Panent s scrum 



\ 

\ 

1 


1 




7/^1 

0 0 

0 0 

0 0 

0 0 

4+ 

1+ 

0 j 

4 + 

4+ 

7/^3 

0 0 

0 0 1 

0 0 

0 0 






7/m 





4+ 

! 3 + 

0 

4 + 

4+ 

7/2-3 





4+ 

z+ 

0 

4-i- 

4+ 

7/2-6 

0 0 

00 




j 

1 



Group A serum 

0 0 

0 0 

0 0 

0 0 

0 

4 + 

1 ° 

4+ { 

4 + 

Group B strum 

0 0 

j 0 0 

1 

1 0 0 

' 

0 0 

4+ 

0 

0 


3+ 

Group AB scrum 


I i 

0 

0 

0 

1 


1 



All studies performed at the following temperatures 4° C , 15° C , 37° C 
A Agglutination 
H Hemol) sis 


Table 5 — Tests for Abnormal Afjfutinsns Htmolystns and Fragilities 



7/22/44 

7/24/44 

7/26/44 

9/12/44 

10/16/44 1 

10/8/45 

Cold agglutimns 

1 

0 

0 

0 

0 

0 

0 

Cold hemolysins 

0 

0 

0 

0 

0 

0 

Warm agglutimns 

0 1 

0 1 

0 

0 

0 

0 

Warm hemolysins 

0 

0 

0 

0 

0 

0 

Aad fragilit) 


0 

0 

0 

0 

0 

H) potomc saline fragilit) 


Increased* j 

Normal 

Normal 

Normal 

Normal 


All tests earned out in dilutions i/i through 1/156 
* See Figure 3 


Ins estigations w ere made to ascertain if abnormalities in the patient s er\ throcj tes could be produced 
b) equilibration with human scrum containing a high concentration of sulfadiazine or if the patient 5 
serum would adscrsel) affect normal cn throes tes containing sulfadiazine These studies arc summanzed 
in table 6 There w as no c\ idencc that the fragiiirv or other properties of the cr> throes tes w ere affected 
b) equilibration ssith serum containing zq mg per cent sulfadiazine (obtained from a rclausel) normal 
groupO indisidual ssho ssas rcccising large doses of sulfadiazine) or that the patient s scrum produced 














% NaCl 

Fio j pRAOiun OF THE Patient s Ertthrocvte« in Htfotonic Soedtions of Sodium Cbeoride 

Cells obtained 7/14/44 O — O — O 
8/ 1/44 • 

10/16/44 13 w 

Table 6 — of Sirurn ujtb H/^b Comentratspn oj SuIJadtaxmt on Vattent J Olh 


Paucnt s cells equilibrated with serum containing 24 mg per cent of sulfadiaune (obtained from 

patient receinng sulfadiazine) 

Neganic 
Negaave 
Negacne 
Ncgatiic 
Normal 


Cold aggluamns 
Cold bcmohsins 
Warm agglunmns 
Warm hemohsins 
Hj potomc saline fragility 

Effect of patient s serum on cr\ chroci tes confaimng high level (24 mg per cent) of sulfadianoe 

Negaovc 
Negatue 
Negatiie 


Cold aggluamns 
Cold hemohsins 
Warm aggluamns 
Warm hemoh sins 


Negatue 


AH tests earned out mth dilutions of serum ranging [com 1/1 to 1/Z56 


DISCUSSION 

It seems probable that the hemolytic process and hemoglobinuria in this patient 
were produced by sulfadiazine medicauon No drugs other than sulfadiazine were 
administered during the illness prior to the development of anemia and emo- 
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globmuna There was no evidence of virus pneumonia, which is known occasion- 
al!} to produce hemol}tic anemia, and cold hemagglutinins were not present No 
fava beans had been ingested There was no famil} histor} of hemolytic anemia or 
other blood d}scrasia The absence of acid hcmol}Sins excluded paroxysmal 
nocturnal hemoglobinuria, and the negative serology for syphilis and lack of cold 
hemolysins ruled out cold hemoglobinuria There were no findings to suggest that 
the patient had malaria and black water fever Rapid recovery , subsequent good 
health, with completely normal blood studies o\er a period of more than a year, 
excluded congenital hemolytic jaundice and Mediterranean anemia Moreover, 
after the acute phase of the illness red cell fragility tests were normal and have 
remained so Repeated studies hate showm no anemia, no reticulocy tosis and no 
erythrocy tic abnormalities (e g , spherocy tes, or target cells) This case had fea- 
tures similar to those described as idiopathic acquired hemoly tic anemia, acute 
type The fact that it followed and was apparently precipitated by the adminis- 
tration of sulfadiazine, a drug known to produce hemoly tic anemia, removed it 
from the idiopathic group 

The acute hemoly tic process appears to have been initiated in this child by only 
o 75 gram of sulfadiazine, some of which was lost by vomiting shortly after inges- 
tion An appreciable amount was absorbed, however, since a trace of sulfadiazine 
was detected in the blood 2.E2 hours after the last dose was administered Intra- 
vascular hemolysis progressed so rapidly that 18 hours after the first dose of sulfadi- 
azine had been given the concentration of hemoglobin in the plasma exceeded the 
renal threshold for hemoglobin and gross hemoglobinuria appeared Twenty hours 
later more than half of the circulating erythrocytes had been destroyed and the 
patient was on the verge of vascular collapse Although no sulfadiazine was taken 
after the onset of hemoglobinuria, the urine continued to contain hemoglobin for 
five days more Evidences.of increased blood destruction were present for two days 
after all sulfonamide had been cleared from the blood 
The suddenness with which hemolysis followed the ingestion of the sulfadiazine 
and the small quantity of the drug which was sufficient to initiate such a fulminat- 
ing process suggests that the patient had become sensitized to sulfadiazine two 
years previously, during the two days that she took this drug Similar instances of 
sensitivity to other sulfonamides have been noted previously ’’ ^ 

The nature of this sensitivity is unknown In some way introduction of 
sulfonamide into the body so modifies the erythrocytes that rapid intravascular 
hemolysis is produced What changes are produced in the erythrocytes and how 
they are brought about is of great importance in establishing the mechanism of 
sulfonamide hemolysis Abnormalities in the erythrocytes have been demonstrated 
only in those cases of sulfonamide hemolytic anemia which were studied during 
the acute phase of the hemolytic process - ° In these cases, as in ours, a 

characteristic finding has been the presence of numerous spherocytic erythrocytes 
and frequently a concomitant increase in the hypotonic fragility of the red blood 
cells These changes may persist for only a few hours, perhaps because the abnormal 
cells are rapidly destroyed and replaced by new normal erythrocytes Failure to 
demonstrate ery throcytic abnormality in many cases is probably due to the fact 
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that such cases were not studied until relatively late m the disease— that is to say , 
after the abnormal cells had been destroyed 

Why are spherocytic cells produced in sulfonamide hemolytic anemia, and what 
IS their relation to the mechanism of hemolysis? Ham and Castle'” hypothesize 
that erythrostasis and perhaps agglutination are responsible for the production 
of spherocytes They suggest that spherocytic erythrocytes are more susceptible 
to hemolysis because they are more readily trapped in the splenic sinusoids 
In their published work they present no evidence that erythrostasis occurs in cases 
of sulfonamide hemolysis and there is no clinical evidence to support the belief 
that erythrostasis occurs in these cases 

Many of the reported cases of sulfonamide hemolysis have been charactenzed 
by the presence in the plasma of cold iso-hemagglutinins or autohemagglutinins 
2 4 12 u jjj such cases it is quite probable that these abnormal agglutinins may 
account in some measure for the abnormality in the erythrocytes However, many 
of these cases undoubtedly were suffering from primary atypical, or virus 
pneumonia, a condition which in itself produces cold hemagglutinins in high titer 
and vfbvch may be ttaponatblt for causing aentt hemolytic anemia quite independ- 
ently of any sulfonamide medication ’’ It is likely that the abnormal hemagglu- 
tinins in many of these cases were produced by the primary' disease rather than by 
the sulfonamide medication 

Dameshek” has postulated that sulfonamides may so alter some erythrocytes 
that they become antigenic and stimulate the development of agglutinating anti- 
bodies against the individual s own erythrocytes This possibility may explain 
the development of agglutinins in those cases of sulfonamide hemolysis not asso- 
ciated with diseases leading to the production of hcmagglunnins However, no 
evidence has been presented that sulfonamides can alter erythrocytes so that they 


become anngeme 

In our case, careful studies demonstrated that no agglutinating or hcmolyzing 
antibodies of any type were present in the patient s scrum (table 4) Neither were 
the erythrocytes abnormally sensitive to isohemagglotinms (table 3) Other cases 
also have been reported in which spherocytosis and increased intravascular hemol- 
ysis have occurred without the appearance of agglutimns or hemoly'sins ' In 
such cases it seems reasonable to suppose that the changes in the cry throcytes may 
be due to the chemical action of the sulfonamide or some abnormal metabolite 0 
sulfonamide directly on the erythrocyte itself Certain chemicals and toxins, c g , 
phcnylhydrazinc and snake venom, act directly on the red cell tn vivo and pro uce 
profound abnormalities in the structure of the erythrocyte and marked increase in 
susceptibility to hemolysis It is not improbable that some sulfonamide derivatii e 
may exert an analogous action 

In our case, cquilibrauon of the patient s erythrocytes with serum containing a 
very high concentration of sulfadiazine did not produce any detectable a norma ity 
in the red cells Although the evidence is incomplete, this suggests t at 
normal metabolite of the sulfadiazine rather than the sulfadiazine iKc ' 
responsible for the changes in the cry throcytes observed during the ^ 

attack Unfortunately, studies were not made of the effect of t c patic 
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obtained during the acute hemol) tic attack on the morphology and fragility 
characteristics of normal cry throcj res 

The fact that hemol) tic complications occur much more frequently following 
medication with certain sulfonamides (especialU sulfanilamide) than with others 
IS not incompatible with the h)pothesis that an abnormal hemol) tic metabolite 
ma) be responsible for the hemol) sis Girtain sulfonamides ma) be more readily 
converted to a hemoh tic metabolite than others As far as is known, no hemol) tic 
metabolite of an) sulfonamide has been identified in cases of sulfonamide hemol) tic 
anemia 

Although spheroc) tosis and increased susceptibilit) to hemol) sis by h)-potonic 
solutions of sodium chloride appear to be the onl) demonstrable er)throcytic 
abnormalities encountered in cases of sulfonamide acute hemol) tic anemia, can it 
be assumed that these changes are responsible for the increased rate of hemol) sis^ 
The discussion of this subject is bc)ond the scope of this report, but it is pertinent 
to note that the seven t) of the hemol) tic process in our case appeared to be corre- 
lated with the presence of large numbers of spheroc) tes in the peripheral blood 
As the number of spheroc) tes decreased (perhaps because the) were destroyed), 
the hemolytic process became less severe and finally disappeared It has been show n 
that injur)' to red cells by ^arlous agents results in spheroc) tosis, which ma) be 
regarded as a pre-hemol) tic phase in the destruction of er) throc) tes 
The capacity of the bod) to conserve the large amounts of hemoglobin liberated 
intravascularly in our patient was \cr) striking Assuming that the child s blood 
was normal before the onset of her illness, the total mass of hemoglobin present 
in her arculating cr) throc)'tes would have been approximate!) xio grams Within 
a period of not longer than 36 hours, approximate!) yx per cent, or 150 grams of 
this hemoglobin had been liberated intravascularly Onl) x 84 grams of hemoglobin 
escaped in the urine The remainder was rapidl) removed from the plasma, and 
probably was re-utilized in the formation of new hemoglobin 
The appearance of methemalburain in the plasma is, we believe, merely a reflec- 
tion of the prolonged high concentration of hemoglobin in the plasma Methemo- 
globin and sulfhcmoglobin were not present in either plasma or erythroc) tes 
Oxyhemoglobin constituted the major urinary pigment Only small amounts of 
mcthemoglobin were present in the urine, probably because of the alkalinity of the 
urine and because spicctroscopic examination was performed immediately after each 
urine specimen was voided Mcthcmalbumin did not appear in the urine 
The finding of erythrocytes and granular casts in the urine specimens voided 
shortly after admission to the hospital suggests that some degree of renal irritation 
had occurred Whether or not this was produced by the sulfadiazine is uncertain, 
but appears improbable The abnormality in urinary sediment rapidly cleared, and 
no time was there evidence of impairment of renal function, or nitrogen reten- 
tion, in spite of the marked hemoglobincmia and hemoglobinuria 
The extreme leucocy tosis and the appearance of myelocytes in the peripheral 
ood during the period of active hemolysis were striking features Similar leuco- 
tic abnormalities, occasionally called leukemoid reactions, have been ob- 
serv ed in most of the reported cases of sulfonamide hemoly tic anemia It is probable 
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that this leucocytic response is a reaction to intravascular hemol) sis, rather than 
to the sulfonamide, since it is observed in various other types of intravascular 
hemolysis and hemoglobinemia There was no evidence of depression or stimula- 
tion of blood platelet formation, the number of platelets remaining within normal 
limits 

The treatment of sulfonamide hemolytic anemia and hemoglobmuria must be 
directed at removing the hemolytic agent, mamtaimng an erythrocyte count and 
blood volume compatible with life, and preventing renal failure Once the condi 
aon IS suspected, all sulfonamide medication must be discontinued immediately 
Diuresis should be promoted by maintaining an adequate fluid intake, by paren 
teral routes if necessary The excretion of large amounts of nnne accelerates the 
removal of sulfonamide and its metabolites from the body, and also makes the 
precipitation of hemoglobin derivatives in the kidney less likely Whether or not 
alkalinization of the urine is necessary to prevent the formation of acid hcmatin 
casts in the renal tubules is not certain, but it is safe and advisable to administer 
alkalinizing agents in reasonable amounts in an attempt to produce an alkaline 
urine Alkalies should not be given in amounts so large as to produce disturbances 
in the aad-base equilibrium, since alkali medication carried to this extreme has 
been shown to be actually harmful 

Blood transfusion is often a life-saving procedure in this disease Hemolysis may 
proceed so rapidly that the erythrocyte count reaches amcally low levels, and 
the blood volume may be so rapidly reduced that shock occurs In our case, 1775 cc 
of blood were required during a period of sixty hours, a volume considerably in 
excess of the child s total blood volume Only after the erythrocyte count and 
blood hemoglobin concentration had been restored to relatively normal levels by 
transfusion did the hemolytic process cease and permanent clinical improvement 
occur 

In many of these cases the presence of abnormal hemagglutinins in the plasma 
results in considerable difficulty in blood grouping and cross matching Great care 
must be exercised in selecting the proper donor in such instances, and because of 
the existence of cold agglutinins in some cases, it may be necessary to avoid cooling 
the donor blood before it is introduced into the patient s vein 

An individual who has once shown a hemolytic reaction to a sulfonamide should 
never be given the same drug again The hemolytic process will m all probability 
recur, and may be more severe than during the first attack As demonstrated by our 
case, amounts of the drug so small as to be considered test doses may produce 
an almost fatal anemia Whether or not a different sulfonamide compound can be 
given without preapitating acute hemolysis is not certain 

SUMMARY 

I A case of acute hemolytic anemia with hemoglobinuria precipitated by 

sulfadiazine is described , 

X Spherocytosis and increased hypotonic saline fragility were demonstra e 

during the acute phase of the disease 

3 Abnormal hemagglutinins and hemolysins were not present in t c pane 
serum 
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4 The significance of these findings as related to the etiology of the disease is 
discussed 
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PRIMARY POLYCITHEMIA REMISSIONS INDUCED BY THERAPY 
WITH RADIOPHOSPHORUS 

Bj Lo^^^ELL A Erf, M D 

D uring the past fisc }cars otcr 13S cases (cf table z) of poljq thctnia \era 
ha\e been treated ^^lth radiophosphorus ’■'* There arc those' s\ho believe 
the application of radioactive phosphorus to be superior to all other nicthods cm 
pio) cd in the past, and a recent editorial" contained the phrase that it maj now 
be considered of established value Now that the second world war is 01 er, radio- 
phosphorus, or P’-, will be available to ph}sicians at reasonable cost 

MATERIALS AND METHODS 

Radiophosphorus* was administered intrav enouslj as a sterile isotonic solution 
of sodium aad phosphate containing radioactive phosphorus This has a half-hfc 
of 14 3 da)s (1 e , It loses one-half of its output of beta radiation c\cn 14 3 dais) 
The aierage dose administered in our cases varied between y and 10 milhcurics 
and was given in from i to zo cc of solution, according to the concentration of 
radiQphosphorus Some of the cases of primat) pol) C) themia had prc\'iousl\ been 
treated elsewhere by other measures, but these patients received the same initial 
dose of radiophosphorus as did those with elevated red blood cell levels Since the 
life span of a red blood cell is about one hundred da}s, the second dose of radio- 
phosphorus, if needed, was not given until approximatcl) three months after the 
first dose Maintenance doses were givea at one or two j car inten als, as needed 
Standardized blood ccII-counting pipers, Wintrobe hematocrit tubes, and a klctt 
photo-electric colorimeter were used routinel) in making hematologic assays 
Blood V olumc studies rarel) gave practical information not obtained b) means of 
hematocrit values 

The presence of secondarj'- pol) cj themia (cf table i) or pscudopolvc) themia'" 
was ruled out in all patients Cases of pulmonarv sclerosis or fibrosis, cardiac 
disease, tuberculous splenitis' wnth or without splenic sclerosis," Monge s dis- 
ease,'^ or central nerv^otis system disease'^ w'cre not treated 

RESULTS 

Of the 15 cases of primar) pol) c) themia treated vvuth P’- that are presented in 
this paper (cf table i), 17 show^ed satisfactor) hematologic and clinical remissions, 

From the Division of Hcmitologv Charlotte Drahc Cardera Foundation Jefferson Medical Co]kfc 
and Hospital, Philadelphia presented in the Spcaal Mcditmc Course of the postgraduate courses ar 
ranged hi the American College of Phisiaans Dec 8, 1544 at Philadelphia General Hospinl 

* Among ocher institutions at which radiophosphorus is available arc Unncrsitv of Calif^ia 

DoancrRadiaoonLaboracon, BerLelev Calif Dr J H LavvTeoce, Massachusetts Institute of Tech 

nologv Cambridge Mass Dr Roblcv Evans, Unncrsitv of Washington St Louis Mo Dr E war 
H Rcinhard Carnegie Institute of Washington Department of Terrestrial Magnetism Washington 
D C Dr D B Come 
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3 showed unsatisfactorj remissions, and in 3 the thcrap\ was of too recent date to 
arrant drawing of conclusions The duration of the remissions was from siv 
months to three jears One patient died after a huge gastric hemorrhage, and an- 
other after developing leukopenic mjeloid leukemia 

COMMENT 

In table z are listed a few' of the hematologic clinics using radiophosphorus for 
treatment of pol) C) themia, together with the results the) hate obtained 

Of the five deaths reported (cf table 3), three were due to leukopenic m)cloid 
leukemia Leukopenic m)cloid leukemia as a terminal etent in pol)C)themic pa- 
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ticnts receiving spray X radiation has been reported Tinney et al reported that 
among 163 cases of pol) cythemia, 17 patients (10 per cent) died of leukemia The) 
did not state how many of the 17 cases wctc cf the leukopenic t)'pe None cf the 163 
cases had been treated with radioactitc phosphorus 

The duration of remissions (from six months to five ) ears) following the use of 
radiophosphorus is comparable to the duration of remissions following spray X 
radiation A remission can be stopped almost immediatel) if iron or large 
amounts of liver or red meat are given (cf case z, table i) Therefore all patients 
with polycythemia were placed on a red meat-free diet Man) cases with unusuall) 
long remissions are reported 





PRIMARY POLYCYTHEMIA AND RADIOPHOSPHORUS 
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Tabic 1 includes the records cf 5 eases* of secondary polycythemia, m the first of 
which radiophosphorus was given on two occasions purely as a therapeutic trial 
As was expected, no reduction of the red cell level occurred in this ease of cardiac 
decompensation This is additional proof that radiophosphorus should be gi\en 
only in cases of primary polycythemia 


CONCLUSION 

Intravenous injection of radiophosphorus induces satisfactory' remissions in most 
cases of primary polycythemia (polycythemia vera) 
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PROGNOSIS IN THE NEUROLOGIC MANIFESTATIONS 
OF PERMCIOUS ANEMIA 

By R Wayne Rundles, Ph D , M D 

F ollowing Ac introduction of hvcr therapy for pernicious anemia in 1916’® 
the curability of the neurologic manifestations of this disease became a matter 
of intense interest and large series of patients with acute, chronic and residual 
neurologic defects were treated with lightly cooked liver and oral liver extracts 
It was found that while this treatment restored satisfactor> blood levels and re- 
versed the atrophic and inflammatory lingual changes the neurologic benefit was 
far less conspicuous Some mvestigators concluded that liver therap> resulted in 
no neurologic improvement beyond that due to the correction of the anemia and 
betterment of the patient s general condition, and that progressive disability 
might occur in some cases in spite of treatment '® The most optimistic observers 
were of the opinion that adequate treatment arrested the progression of the disease 
and that some degree of functional improvement might occur when treatment was 
begun reasonably early 1 8 le is 19 25 ts ji 

In recent years the general outlook regarding the neurologic prognosis in pemi- 
aous anemia has been altered by several faaors For one, the diagnosis is now 
made earlier in the illness and the neurologic disease is less advanced when treat- 
ment is begun Concentrated liver extracts for parenteral use, although refined and 
tested only to give the maximal hematologic response, have abolished the uncer- 
tainties of oral types of therapy, and optimal treatment is now possible in all cases 
The demonstration of unequivocal degenerative changes in penpheral nerves re- 
moved by biopsy® '* has finally substantiated the many suggestions that 
peripheral neuropathy rather than spinal cord degeneration is actually responsible 
for many of the typical neurologic signs and symptoms 1 t is is 29 si 32 
great recuperatii^ power of the peripheral nerves indicates, of course, a far greater 
potential curability Finally, Ac isolation of new vitamins in Ac B group has 
permitted experiments bearing on Ac problems of diagnosis and therapy While 
Ac common crystalline vitamin B components have failed to be of direct value in 
Ac treatment of any of Ac clinical manifestations of permcious anemia, each new 
one isolated has to be evaluated as, a possible substitute or adjunct to standard 
therapy 

The present report is based on a study of ao recent patients with Ac neurologic 
manifestations of pcrniaous anemia whom we were able to follow with frequently 
repeated examinations from the start of treatment of pcrniaous anemia in relapse 
until maximum neurologic recovery had occurred Somewhat less than one half 
of all our new patients were judged to have significant neurologic Ascasc Those 
chosen for study appeared to be typical of Ac large number of patients with this 

From the Department of Medicine, Duke Uni\er5ity School of Medicine This stud) was begun at the 
Simpson Memorial Institute, Uni\ ersit) of Michigan The crystalline vitamin products svere furnished by 
the Upjohn Gimpans 
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disease treated and followed at the Simpson Memorial Institute over a period of 
years It will be apparent from the discussion to follow that the nmrologic 
manifestations of pemiaous anemia should be carefully evaluated both for dug 
nosis and for prognosis and not merely receive the banal designation postert 
lateral sclerosis or cord degeneration Four types of disturbed neurologic 
function actually occur in permetous anemia (i) cerebral, (i) olfactor), (3) 
penpheral nerve and posterior columns of the spinal cord, and (4) lateral columns 
of the spinal cord The inadence of the different types of neurologic disturbance 
in the group of patients studied is given in Table i 
I Cerebral Symptoms The cerebral symptoms of pemiaous anemia* *' arc 
those of the so-called organic brain syndrome, loss of memory, diminished in 
tellectual capaaty, confusion, etc Psychoses with delusions and hallucinations 
may occur but the symptoms often suggest senility, except perhaps for an undul)- 
rapid onset The appearance of these symptoms in combination with other mam 


Table i — Types of Neurologic Dysfunction in ao Patients uitb Pimieieut Anemia 


Cerebral j cajci 

Olfactory 4 cases 

Penpheral nerve and postenor columns of the spinal cord ii cases 

Penpheral nerve, postenor and lateral columns of the spinal cord j cases 


fcstations of pernicious anemia and their response to treatment are illustrated b) 
the following a case histones 

S D a 6t y-cat old telegraph linesman had been healths and worked regularlv until 4 months belotc 

he was seen, when pronounced loss of memory confusion and «lovv difficult speech became appattsit 
A few weeks later numbness and tingling of his feet and legs as high as the knees and of his hands dc 
V eloped His gait became unsteady and he was forced to quit work His general condition beamc pro- 
gressively worse and hnally he could walk only with the support of others Phy sical examination showed 
a cooperative but confused male well developed and well nourished His tongue was not coated but was 
normal in color and showed only slight flattening of the papillae at the lingual margins He was unable 
to walk except by holding on to the furniture In the Romberg position standing with the heels togethet 
and cy cs closed he could not stand without falling The tendon reflexes were normally and sy mmctncallr 
active except for the ankle jerks which were absent The vibratory sense was diminished at the fxhi* 
absent at the knees and below Motion and posiuon sensibilities were greatly impaired in the lower kgs 
The plantar response was usuallv extensor 

He was first seen by a neurologist who insisted that the diagnosis was senility and then bv an intcmni 
whose major diagnosis was generalized arteriosclerosis He was referred for a blood examination w 
showed the RBC to be 3 3 million WBC 8_oo hemoglobin 13 i Gm per loo cc hematocrit 3S pvcmt 
and the mean cell v olume 115 cu microns The appearance of the stamed cells and the differential " if^ 
cell count were not definitely abnormal A presumpuve diagnosis of pernicious anemia was made an 
was started on intramuscular injections of purified liver extract In one month s time the R ^ " p/ 
to 4 4 million, the hemoglobin to 14 5 Gm and the macrocy tosis had disappeared The diagimns 
pemiaous aucmia was considered as established After 7 weeks of treatn-ent the patient be ici t 
slight neurologic improvement had occurred but the neurologic examination showed lute c 

He was examined again at the end of 5 months of treatment when he appeared definite i ^ 

and no longer confused His familv had noted the improvement in his mental status also an t 
that he was again completely normal He was able to walk steadily and with rapid 
support, and in the Romberg position he could sand with only moderate swaving c t 
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were normal The perception of \ibration had returned to normal at the pcKis, but was diminished at 
the knees and absent at the ankles Motion and position senses in the lower legs were not demon- 
strabl) impaired The Babinski signs were still inconstantly present One ) ear after the start of treatment 
he was able to return to work as a telegraph linesman 

L M , a 54 j ear old minister, had en|0)ed good health until about one > ear pretiousl) when he began 
to faint occasional!) in the pulpit while preaching and people began to note that his sermons were 
rambling and less coherent His memor) deteriorated and on seseral occasions he awakened his wife in 
the middle of the night to be reassured that he had attended meetings and performed marriage ceremonies 
that he had ptomis^ He became absent minded, ignored traffic lights, and was gisen sctcral police 
summons for speeding His family ph)sician adsiscd him to obtain a number of diagnostic studies at a 
local hospital and later several ps) chiatnc inters lesvs but these led to no recommendations for treatment 
Tsvo to 3 months after the onset of the mental symptoms numbness and tingling appeared in his extremi- 
ties and in a few more sseeks his gait became staggering and somesshat slapping Word circulated in the 
communit) that he ssas suffering from an incurable and progressise disease presumabl) ubes dorsalis, 
and the moral sirtue of his first svife was questioned It became impossible for him to officiate at some of 
the church sets ices such as communion without stumbling and falling and his bishop ads ised him to take 
several sveeks vacation The rest was of no benefit and he was then given a permanent retirement with 
pension His disability progressed until one week before his hospiul admission he became entirely 
unable to svalk He was sery confused and sometimes suspicious and antagonistic On the day before 
admission to the hospital urinary retention des eloped It was later learned that he had had the abrupt 
onset of complete sexual impotence early in his illness 

Examination on admission showed that he was well developed and well nourished He was coopera 
u\e but appeared markedly depressed and emotionally labile He could conxerse with good articulation 
and vocabulary although he was moderately disoriented often confused and incoherent There was no 
lingual abnormality His bladder was palpable midwa) to the umbilicus On neurologic examination he 
was unable to stand without holding on to sutionary objects He could move his legs only uncertainly 
and with visual guiding The tendon reflexes were absent at the knees and ankles The cutaneous scnsibili 
ties were blunted over both feet The vibratory sense was diminished at the wrists, absent at the pehis 
and below Motion and position senses were absent in the lower extremities and on heel to shin testing 
there was a wild ataxia There was no ankle clonus The plantar responses were extensor 

The blood examination showed the red cell count to be 3 9 million hemoglobin 13 7 Gm per 100 cc 
WBC 5,050, hematocrit 46 per cent and the axerage cell volume 118 cu microns The morpholog) of the 
red cells in the stained films and the differential white cell count xvere not abnormal There xvas no free 
h)drochlonc acid in the gastric contents after the subcutaneous injection of histamine Both the blood 
and spinal fluid gave negative serologic tests for syphilis 

On two occasions during the first fexv days in the hospital urinary retention necessitated cathcteriza 
tion Txvo xveeks later xvhen the only urinary symptoms were hesitancy and a xveak stream a c) stometnc 
examination shoxved that there xvas an atonic bladder paralysis with the bladder capacity over 700 cc , 
sense of filling and first desire to void at 550 cc , residual urine izo cc and a very low intravesical pres 
sure 

For 5 da)s xvhile diagnostic studies xvere being completed he xvas given daily intramuscular injections 
of a mixture of cr)stalline xitamin B components containing 50 mg of thiamine chloride, 10 mg nbo- 
flaxin 5 mg pyridoxine 50 mg calaum pantothenate and J.50 mg nicotinamide His mental symp- 
toms and neurologic status remained unchanged He xxas then started on injections of purified liver 
extract, 15 units dail) xxhich after discharge home xxas reduced to 30 units per xveek He soon became 
stronger and after 3 weeks of treatment he xxas able to xxalk about the xxard holding on to furniture 
He returned home and in z months time was able to take a dail) xxalk of x miles using a cane 

He xxas examined again at the end of 5 months treatment A tendency toward depression remamed 
but his intellectual interests had returned and he was spending much of his time reading and composing 
sermons He xxas able to walk xxith rapid progression xxithout conspicuous unsteadiness He was able 
to stand in the Romberg position xxith onl) slight sxxaying The patellar reflexes had returned but 
the achilles reflexes xvere still absent There was no impairment of the cutaneous sensibilities The heel 
to knee test was xxcll performed The xibrator) sense was absent at the pclxis and bcloxv and the plantar 
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responses were inconstantly extensor There were no unnarj complaints and a cs stometiic eiamnuBra 
was entirely normal except for a slight!, delayed sense of fill and a somchat low intratcjical jrtSHirc 

One year after the beginning of treatment he and his w ife belie, -ed that his intellectaal abilm icj 
interests had completely returned to normal He had not resumed uorJ. apparently because of rcsidtul 
doubts concerning the nature of his illness in the minds of his panshioners Examination showed ihit 
his gait ,vas still slightly unsteady and there was some svsaying in the Romberg posinon Both th 
patellar and achilJes reflexes had be ome moderately hyperactive There was no anble clonus The vihn 
tory sense ,vas still absent at the pel, is and belcv and the plantar responses u-ere sull inconsiantlr 
cxtcDsor 

z Olfactory Symptoms A second type of neurologic disturbance occurring in 
patients with pernicious anemia involves the olfactor}" sense While occasionally 
a nearly complete anosmia develops, the commonest symptom is perversion or loss 
of taste for food, espcaally for protein foods such as meat and eggs This altera 
non occurs independently of atrophic and inflammatory changes of the lingual 
mucosa A typical case history follows 

J D R a 55 year old phystaao hrd noted for some S months anorexia undue fatigue and showers 
of angling in his extremities He was accustomed to ha,ung for lunch a chicLcn s ilad sandwich at a hotel 
noted for the excel cnee of its uis ne The sandtviches b*gan to taste putrid to him and he sent a numho 
hack to the kitch*n before he became a„are that other people connnued to cat them with enjmroeni 
Soon anaseptics and other eh micajs in his office lost their char-cterisnc odors and often smelled lilt 
coffee In a feu mo e weeks numbness tinglmg and cold feelmgs were conunually present in his hamli 
and feet After sunlry sp culaavc diagnoses had been offered a red blood cell count of 3 8 million with 
a microc) costs of rod cu microns and gastric achlorhydria following the m;ectioD of bisuminc wot 
discov.red The appearance of his tongue wtis not definitely abnormal The only objective neurologic 
abnormality concerned the vibratory sense which was diminished at the knees and absent at the anVlts 
After one month cf intr-miscular liver therapy the blood ,alues were ncrmal his appetite was excellent, 
his olfactory syunproms had disappeared and his vibratory sense was no longer impaired 

3 Peripheral Nerve and Posterior Column Disease The commonest and in most 
Cases the earliest type of neurologic disorder in patients with pemiaous anemia 
we now attribute to involvement first of the pcnphcral nerves and sccondinl) 
of the posterior columns of the spinal cord 1 t > n i> 1* ” ’ The 

symptoms and signs often mimic exactly those of neuritic diseases of different 
etiology and include muscle weakness with tender and later atrophic muscles, 
and paresthesias such as numbness, tingling, cold feelings, etc , with impair 
ment of the cutaneous sensibilities distally in the extremities A characteristic 
finding of the greatest value in differentiating the neurologic abnorma'iues 0 
pemiaous anemia from those of other diseases is the early and severe impairment 
of the scnsibiliucs of vibrauon, motion and position These sensibilities arc 
mediated by the fiber components of the peripheral nerves whose central processes 
constitute the posterior columns of the spinal cord The selective involvemenr 0 
these neurons has been widely interpreted as indicating a primary posterior to umn 
dcgcncranon but this idea has never been supported with convincing patho ogic 
studies of both peripheral nerves and spinal cord There is obviously no c mica 
means by which impairment of the vibratory, motion and posiuon senses caa 
distinguished as occurring either peripherally or in the posterior columns o 
spinal cord, since but one neuron is involved, except perhaps by the scu y 0 
prognosis in different degrees of disease after effective treatment has been msti 
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After ncuritic symptoms have appeared distall) in the upper extremities there 
IS little tendenc}" for extension above the wrists and forearms In the lower ex- 
tremities, however, the disturbance ascends sometimes acutcl) to the level of the 
mid-abdomen, or rarel> to the level of the mid-thorax, and maj similate a trans- 
verse or segmental lesion of the spinal cord Coincident with this progression dis- 
turbed gastro-intesanal or genito-urinar} function and in about half of the cases 
evidence of disease of the lateral columns of the spinal cord develop 

4 Lateral Column Disease Involvement of the lateral columns of the spinal cord 
in patients with pernicious anemia represents the final stage in the progression of 
the neurologic disease and rarel), if ever, appears without adequate \\arning b> 
the less serious peripheral ner\e sjmptoms beforehand T)pical clinical evidence 
of simple lateral column disease includes the complaints of spastic movements, 
stiffness and cramping of the muscles, and the finding of exaggerated tendon 
reflexes, clonus and extensor plantar reflexes The accompao) mg peripheral nerve 
disease in pernicious anemia, however, often modifies this picture to produce a 
flaccid paralysis with loss of tendon reflexes in spite of signs of lateral column 
involvement During the course of treatment as peripheral nerve func- 

tion IS restored the tendon reflexes reappear and ma) even become exaggerated 
with clonus while the abnormal plantar responses persist The interpretation of 
this sequence as representing progression of the neurologic disorder is in error 
5 Intestinal and Bladder Disturbances A wide variety of gastro-intestinal sjmp- 
toms are encountered in patients with pernioous anemia and among these is a 
group that appears to be related to neurologic dysfunction To be excluded arc such 
common chronic complaints as vague indigestion, gaseous indigestion, a tendenc) 
toward frequent soft stools, etc , which persist without change in uncomplicated 
cases during times of spontaneous or therapeutic remission Again when the hemo- 
globin level falls below about 5 Gm per too cc most patients develop anorexia 
with vomiting They become able to eat again when the anemia is alleviated b> 
blood transfusion Gastric retention has been demonstrated by roentgen study in 
such cases Many patients with no more than a moderatel) severe anemia develop 
during relapse of their disease a profound distaste for food, lack of appetite, a post- 
prandial feeling of distressing fullness, etc , which disappears 2. to 4 days after 
the beginning of treatment before other notable response to treatment occurs 
The nature of this functional change is obscure 

The gastro-intestinal symptoms which appear to be of neurologic origin occur 
characteristically in patients with the more severe degrees of neuritic disorder, 
especially in those with neurogenic bladder paralysis The earliest and most 
persistent symptom is severe constipation often requiring the continual use of 
enemas or massive catharsis Subsequently post-prandial abdominal distention, 
cramps, borborygmi and, in long untreated cases, diarrhea with sphincter weak- 
ness develop In these patient roentgen study has revealed grossly disturbed small 
intestinal function with variable caliber, altered speed of transit, and loss of normal 
mucosal pattern “ The sy mptoms do not subside until after several weeks or months 
of treatment have been given and neurologic impro\emenc has resulted With the 
improvement in the gastro-intesunal symptoms, although an increased tendency 
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toward constipation may persist mdeiiniteJy, there is also a return to normal m 
the roentgen appearance of the intestinal tract 
Disturbed genito-unnary function is a well known late result of neurologic 
disease in patients with pernicious anemia but the details of the functional deficit 
as related to the general neurologic condiuon as well as the eventual prognosis 
have received very little study The earliest symptom to appear in male patients 
IS usually impotence Hesitancy, weakness of the urinaiy stream, and fiiulJj 
urinary retention, dribbling, or overflow incontinence develop later Most present 
day patients do not allow incontinence or obstructive urinary symptoms to persist 
for more than a short time before seeking adequate treatment Neurologic examini 
aon in these paaents invariably shows cutaneous sensory impairment in the lower 
legs and diminished or absent vibratory sense to the level of the iliac crests Evi 
dence of lateral column disease may or may not be present Cystometric cxamini 
tion usually discloses the presence of an atonic bladder paralysis with impaired 
sense of bladder filling, very low intravesical pressure, increased bladder capacit) 
and variable amounts of residual urine Mechanical obstructive lesions must be 
ruled out before a neurogenic etiology can be certain In some patients with disease 
of the lateral columns of the spinal cord uninhibited contractions may be recorded 
on the cystometric curve and the bladder capacity, tone and functional behavior 
found to be more variable Too few patients of this type have been carefully evalu 
ated and followed for an accurate prognosis to be possible under all circumstances 
Most observers agree that bladder neck and sphincter symptoms may disappear 
with treatment of the pernicious anemia * Three of our recent patients, one 
of them a woman, with obstructive urinary symptoms and atonic bladder paraijsis 
of fairly short duration regained normal bladder function as regards both symptoms 
and cystometric findings after a few weeks or months of liver therapy The prognosis 
when the paralysis is of longer duration or when there is severe lateral column dis 
ease is undoubtedly less favorable Urologic measures designed to avoid mechanical 
damage to the detrusor muscle, urinary tract infection, and bladder neck obstruc 
tion arc of prime importance during the period of recovery 
Therapy Uncertainties regarding the possible role of primary or conditiontd 
vitamin B deficiencies in the etiology of the neurologic manifestations of permuous 
anemia have often led to the recommendation that crude liver extracts and some 


times vitamin supplements be used in treatment ’ ^ Recent assays of the vitamin 
content of various liver extracts have shown, however, that the less renne 
products are not actually richer proportionately in known vitamin B components 
and that the absolute amounts present in any case arc now of little therapeutic iro 
portance ® It has been found furthermore that the purified vitamin B fractions 
have no curative effect on the lingual changes of pernicious anemia and that, wit 
the exception of folic acid, they do not possess antiancmic properties in this^or m 
the related macrocytic anemias Castle and his collaborators con^ 

ducted experiments in which purified casein, normal human gastric )utcc, an 
mixture of ii of the isolated members of the vitamin B group were fed 
neously to patients with pernicious anemia in relapse No hematologic iwpon 


was observed 
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To investigate the effects of the parenteral administration of some of the crystal- 
line vitamin B substances particularly on the neurologic manifestations of per- 
nicious anemia, 5 suitable patients were given a mixture containing 10-60 mg of 
thiamine chloride, 10 mg of riboflavin, 5 mg of pyridoxine, 50 mg of calcium 
pantothenate, and x5o mg of nicotinamide, intramuscularly every da> over 
periods of 7 to 10 days One patient was given 450 mg of nicotinamide dail) bj 
mouth in addition and another patient was given a yeast concentrate contain- 
ing folic acid during a separate trial period In no case was there any observable 
hematologic, lingual, or neurologic improvement After vitamin B therapy was 
discontinued a definite response was obtained within a similar period of time with 
purified liver extract, which contains negligible amounts of the same vitamins 
The administration of the vitamin B products before the liver did not appear to 
accelerate or modify this response in any manner The observations in one of these 
cases were as follows 

F B a 44 year old printer, had been cntirel) veil until one tear pretioush when he began to note 
numbness and tingling in his fingers The paresthesias extended and for 6 to 8 months had been felt in 
his hands lower extremities and trunk as high as his waist For 4 to 3 months all types of food had 
tasted the same and he acquired a dislike for meat At times his tongue was sore and noticcabl) red He 
became severely constipated and his appetite vanished Some hesitancy on urination and complete im- 
potence developed Over a period of 3 months he took several hundred capsules containing a vitamin B 
mixture but he steadily became worse Two months before his hospital admission his gait became stag- 
gering and for i to 3 weeks he had been unable to walk at all without being supported 

Physical cxaminauon showed a well developed and fairl) well nounshed white male There was a 
faintl) yellowish cast to his skin His tongue was pinkish lemon in color and was entirelv devoid of 
papillae When standing up he reeled about and could not sund or walk without support on both sides 
The cutaneous senses were blunted over the hands and below the knees There was dependent rubor of 
the feet which vanished quickly with elevation The vibratory sense was diminished at the pelvis and 
nearly absent at the knees and ankles The heel to shm test was very poorly performed and the motion 
and position senses were moderately impaired The tendon reflexes in the upper extremities were normally 
active but those at the ankles and knees were exaggerated Sustained ankle clonus and Babmski signs 
were present bilaterally 

Examination of the peripheral blood showed the red blood cell count to be a a million, WBC aSoo, 
hemoglobin 7 9 Gm per 100 cc hematoent x8 per cent and average cell volume 117 cu microns In 
the stained blood films the erythrocytes varied greatly in size and in shape, reticulocv tes were slightly 
less than i per cent, and the percentage of neutrophils was reduced w irh many of them hav ing multilobed 
nuclei The number of platelets was diminished A gastric analysis with histamine showed gastric 
achy ha Roentgen examination of the gastro-intestinal tract revealed no abnormality except a functional 
disturbance of the small intestine A cystometric examination was not definitely abnormal 

For experimental purposes he w as giv en ov er a period of 7 day say east concentrate containmg folic acid 
Daily reticulocy te counts were made and there was no hematologic response, his tongue showed no im 
provement the anorexia persisted and his neurologic status remained unchanged During a second period 
of 7 days he was given every day by injection 10 mg of thiamine chloride 10 mg of riboflavin 5 mg 
of pyTidoxine 50 mg of calcium pantothenate, and 2.30 mg of nicotinamide At the end of the second 
7 day period there was again no therapeutic response in any regard The vitamin B therapy was discon- 
tinued and daily intramuscular injections of 13 units of punfied liver extract begun At the end of the 
first week of liver therapy the expected reticulocyte response had occurred his appetite had improved, 
and there was visible regeneration of the lingual papillae The patient thought that there was some 
improvement neurologicallv as regards muscular strength and the paresthesias At the end of 1 weeks 
the neurologic improvement was undoubted since he was able to walk about holding on to furniture 

At home he continued to take injections of 30 to 43 units of liver extract each week At the end of 3 
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months be had returned to full time work Minor paresthesias persisted about his fingers and too Rt 
blood \ alnes \vere found to be cntireh normal Neurologic eiamination showed that he ii-as able to isi'l 
svith good speed and strength although his gait was somewhat unsccadi and snff ^Tien standing in tb. 
Romberg position there was a moderate amount of nnstcadiness The onh demonstrable sensorv 1001^ 
ment sras diminished vibrator} sense over the toes The Imcc and aaUc reflexes xrere etaggeratd ir 
there was no anUe clonus and the plantar responses were flexor During the next 3 months there nas mil 
further neurologic improvement after sshich his condiDoa remainrd stab'e At that time his apfent. 
taste for food and digestion were again completclv normal and onh a tendenev coward consufunw 
remained There were no unnan s\-mptoms and his normal sesmal pntenci bad reniraed Ahhongb tis 
legs felt stiff and he found it difficult to walL rapidly his usual gait appeared nearh normal Thetc wii 
minimal swasing sshen he stood in the Romberg position The remamder of his neurologic eiamiiutio” 
was as before and he regarded the neurologic residuals as bemg luconsequennal 


In View of the lack of demonstrable therapeutic response of cither the lingual, 
anemic, or neurologic manifestations of pernicious anemia to the administration 
of the common vitamin B components, and the fact that all these manifesmuons do 
respond more or less in parallel with liver thcrapp, the emphasis in the trcatmcoi 
of those with neurologic disabilit) should ccrtainl} be placed on giving the op- 
timal amount of the antiancmic liver pnnaple Although quantitanvc estimations 
arcobvjously difficult in this regard, ir seems ro be a maner of universal cxpcntocc 
that larger amounts of liver should be used in the treatment of those with neuro- 
logic complicanons chan are required for a maximal hematologic response Paten 
tcral therapy is always advisable in these cases Oui- standard treatment regimen 
has been the inicction of 30 to 60 units of concentrated liver extract a week unnl 
there has been a maximum neurologic recover)^ When this has occurred a perma 
nent rcsmission with complete assurance that neurologic relapse will not occur is 
obtained by the regular injection of about 15 units ever}'- 10 to 14 dajs We have 
preferred to use the concentrated liver extracts because of the case with which the 
comparauvelj large umtage may be given and to avoid the discomfort and the 
danger of inadequate dosage attending the use of the crude extracts Most of our 
recent pauents have, also, been treated without supplementary yeast or viuniin B 
products and the rate and degree of neurologic recovery^ appears to be as satisfactoq 


as when these have been added 

Prognosis It has become evident from following the course of recovery of pa 
aents with different types and degrees of neurologic disease that a rclativcl) 
accurate prognosis can generally be given at the start of treatment As indicatM 
in the individual case histones ated, the over-all improvement m the neurologic 
status IS far greater than generally recognized Even panents unable to sand or 
those with nearly complete loss of voluntary control of the lower extremities, 
cspcaally when this is of acute onset and less than one or two months in duration, 
may recover to such a degree that only' minimal neurologic abnormalities can - 
detected later The cerebral or mental symptoms which occur as a part ° ' 

neurologic disorder in patients with pcrniaous anemia appear to be comple c ) 
curable although 6 to 12. months may be required to accomplish this Pcrvcrsi^ 
of the olfactory sense and the paraal anosmia have likewise been completely 
by liver therapy in from z to 4 months in all the patients we base been a e 


follow 
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In the peripheral nerve and associated posterior column disease the degree of 
recovery depends upon the qualitative defect present, its severit) and its duration 
® The earliest sign of neurologic improvement is the disappearance of muscle 
tenderness, when this is present, and an increase in muscular strength and motor 
performance which became apparent as early as one to 2 . weeks after the start of 
treatment Even muscular weakness and atrophy severe enough to confine patients 
to bed responds to treatment within a few weeks in those who are not bedridden 
or severely crippled for other reasons and there is no residual defect Impairment of 
the superficial sensibilities with paresthesias of a few weeks or months duration 
in which cutaneous anesthesia has not resulted can be expected to clear without 
residual symptoms other than perhaps slight tingling distally When complete loss 
of cutaneous sensibilities has occurred distally in the extremities some degree of 
permanent sensory blunting with troublesome paresthesias, especially that of 
tingling, IS usual Of the sensibilities mediated by the posterior columns the 
vibratory sense, being affected first and most severely, is most likely to be per- 
manently impaired When the perception of vibration is not completely lost at a 
given bony prominence a return to normal may be predicted When a complete loss 
as high as the pelvis has occurred a permanent defect at least at the level of the 
knees and below will remain, although this is of little consequence to the individ- 
ual concerned In patients with ataxic symptoms up to several weeks in duration 
the senses of motion and of posmon will usually improve with treatment until 
there are no residual signs except perhaps for some unsteadiness when the patient 
stands in the Romberg position The loss of tendon reflexes, except at the ankles, 
IS seldom if ever permanent and as they return in patients with lateral column 
disease exaggerated reflexes with clonus may develop as the end result Neurologic 
defects resulung from disease of the lateral columns of the spinal cord carry the 
poorest prognosis of all It is not rare, however, for extensor plantar reflexes 
presumably of short duration to revert to normal after treatment is begun When 
symptoms of lateral column disease have been present for longer than one to 2 . 
months the abnormal plantar responses and exaggerated tendon reflexes will almost 
invariably persist permanently The functional defect as far as the motor ability 
of the patient is concerned is not necessarily of great consequence With vigorous 
therapy using potent liver extracts the neurologic improvement in pernicious 
anemia is most rapid after 4 to 6 weeks of treatment and becomes slower after 4 to 
6 months Little if any improvement in the neurologic status can be anticipated 
after 10 to iz months When the response to liver extract is used as a diagnostic 
test in neurologic disorders of uncertain relationship to permcious anemia there 
IS no reason to prolong the trial of liver therapy beyond the 4 to 6 month penod 
if definite improvement has not resulted 
The neurologic residuals which remain after a period of intensive treatment as 
outlined represent degenerative changes for which an effective type of therapy 
can in all probability never be developed Prevention of neurologic disability thus 
depends to an important degree upon the early and accurate diagnosis of pernicious 
anemia This unfortunately seems to be a difficult matter for most physicians 
More emphasis should be placed on the clinical extremes of the disease, the ob- 
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scurc and the atj-pical cascs^ ** and less on anthropologic charactcnsncs of 
little pracncal diagnosnc significance and on the so-called average or npici] 
features formerly obsen^ed in patients succumbing to the disease after se\crj] 
relapses in the da} s before effective therapy was available ^ The lingual, ancmL 
and neurologic manifestanons occur largel) indepcndcntli of each other, and even 
in individual patients undergoing successive relapses of the disease lingual o 
anemic changes ma} predominate on one occasion and neurologic disease on an 
other ' ’'An earl} neurologic diagnosis is often possible in pauents t\ho<. 
complaints and findmgs suggest only peripheral neuropatht or organic cerebral 
changes Serious neurologic disease mav develop before there is notable detenora 
non of the blood t alues’® and in these cases the finding of a shghtl} deneased red 
cell count with macroq tosis, often overlooked in the work of a rouune labora 
tor}, ma} be of cruaal diagnostic significance In cases \%here the diagnosis re 
mams in doubt in spite of competent blood stud} a gastnc analvsis v ith histamin 
should be done and if free h} drochlonc aad is found pcmiaous anemia an K 
excluded In patients with achlorhydria the careful observanon of the therapeutic 
response to reined liver extracc according to the expectations outlined aboieis a 
practical method of proving the diagnosis 

StrND>fAR\ 

Four t}-pes of disturbed neurologic funcaon occur in pemiaous anemia (i) 
cerebral, (i) olfactor} , (3) peripheral nerve and posterior columns of the spinal 
cord, and (4) lateral columns of the spinal cord The neurologic prognosis depends 
upon the speafic t}'pc of disabilit} present, its seven t} , duranon, and the adequao 
of treatment With intensive use of highh potent liver extracts intramuscularlv 
the prognosis is far better than generall} recognized Serious neurologic residuals 
can be avoided if the diagnosis is made rcasonabl} earl} 
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STANDARDIZATION OF THE QUICK PROTHROMBIN TEST 

With Reference to the Statistical Significance of Variations in the 
Prothrombin Concentration with Use of a Stable Thromboplashn 

OF High Potency 

By Paul M Aggeler, M D , Joan Howard, A B , S P Luoa, M D , 
WiLLiAii Clark, A B , and Alexis Astaff, D D S 

W ITH increasing use of tests of the prothrombin concentration as an aid in 
the diagnosis of diseases of the liver and as a guide in vitamin K. and 
dicumarol therapy, it is imperative that the determinations be accurate There 
arc many wa)s of measuring the protbrombm coocentranoa and each admits of 
numerous sources of error Even when the most careful techme is practical, appre 
ciablc errors in determining the prothrombin concentration may occur unless the 
thromboplastin used in the rest is properly standardized Furthermore, the results 
of the test may be misinterpireted unless the amount of variation due to chance 
alone is appreciated The present study was undertaken in order to develop an 
accurate method of standardization of thromboplastin and to investigate the range 
of normal variation in the results of the Quick prothrombin test 

The Quick prothrombin test^ is an indirect measurement of the plasma prothrom 
bin concentration It is based on the theory of blood coagulation proposing chat 
thromboplastin id the presence of cahium coaverts prothrombin to thrombin, 
which in cum converts fibrinogen to fibrin, the strands of which arc the cud results 
of clotting With rare exceptions, the variations in the concentration of calaum 
and fibrinogen encountered in man do nor affect the blood coagulation tunc 
Therefore the speed of the reaction, after addition of an excess of thromboplastin, 
is used as a measure of the amount of prothrombin present The standard of referente 
IS the time required for the reaction to take place in the normal subject 
Quick' states that the prothrombin concentration in the blood of health) adults 
is remarkably constant and this normal level can therefore be designated as too 
He gives a table of prothrombin times corresponding to the various protbroinbin 
concentrations These values are apparently based on tests made on plasma dilu 
tions m a single normal subject When the blood of one subject ts used as a standar 
of normalit)’-, ir is implied chat similar values would be obtained in tests made on 
the blood of anj random normal subject One of the purposes of the present imesn 
gation IS to determine whether there arc any significant differences in the pm- 
thromhin concentration in different normal subjects, and, if such differences o 
exist, to estimate the number of normal subjects required to establish reliable mean 
prothrombin values , 

Quick further states that with an active preparation of thromboplastin t^e 
coagulation time is ii to seconds Yet in his conversion table the time o^it^- 
seconds corresponds to a plasma pirothrombin concentration of 8o per cent 
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interprets the statement to mean that any specimen of thromboplastin that gives a 
prot^ombin time of from ii to ix 5 seconds in the plasma of a random normal 
subject, IS a satisfactory reagent, it is obvious that it is still necessary to standardize 
each individual specimen of thromboplastin Quick s table is an example of a stand- 
ardization of a given specimen of thromboplastin and is not valid for all specimens 
Thus the advantage of preparing one large specimen of dehydrated brain substance 
and storing it so that it can be used over a long period of time without change in 
potency is obvious 

When a potent thromboplastin solution is used, the prothrombin time is very 
short and the range of prothrombin times corresponding to variations in the pro- 
thrombin concentration between 100 and 50 per cent of the mean normal is very 
small This has led to the suggestion that the test be performed on diluted plasma 
It has been assumed that if the prothrombin time were prolonged by means of 
dilution of the plasma, greater accuracy in timing the reaction could be attained 
and smaller differences in the prothrombin concentration would be apparent 
Quick has recommended that the test be performed on plasma diluted to 50 per cent 
of Its original concentration, but only if the undiluted plasma prothrombin concen- 
tration IS above 50 per cent Link® prefers to perform the test on plasma diluted to a 
concentration of ix 5 per cent In the technic used by Allen, Julian, and Dragstedt,® 
the test IS performed on ten serial dilutions of plasma with concentrations ranging 
from 50 to 5 per cent of the original undiluted plasma We propose in the present 
investigation to determine the comparative accuracy of prothrombin tests per- 
formed on diluted and undiluted plasma 

The significance of variation in the prothrombin concentration in a single indi- 
vidual IS of great practical importance Lord and Andrus'® have stated that in 
jaundiced patients with prothrombin levels below 80 per cent of normal, a rise of 
10 per cent or more within twenty-four hours after intramuscular administration of 
X mg of menadione indicates that extrahepatic jaundice is present Changes in the 
prothrombin concentration are also used as a therapeutic guide in the administra- 
tion of dicumarol ® ® In the present investigation the degree of normal variation in 
repeated tests of the prothrombin concentration at various prothrombin levels in 
the same normal subject is studied 


METHODS 

I Preparation and Storage of Dehydrated Brain — We have feund that human brain 
obtained at autopsy is a more potent source of thromboplastin than the average 
rabbit brain available in this locality Material obtained from a single human brain 
was used in this investigation The pia was completely stripped from about 400 
Gm of the brain, which was then macerated under acetone in a glass mortar The 
acetone was replaced twice, the final product being a granular nonadhesive powder, 
which was dried on a water suction filter This material was placed in a loosely 
stoppered jar within a calcium chloride desiccator, which was then evacuated for 
five minutes by means of an oil suction pump The evacuated desiccator and its con- 
tents were stored in the refrigerator Whenever material was required for testing, 
the desiccator was opened, a portion of the specimen was removed, and the desic- 
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cator was again evacuated and scored We have kept dehydrated brain specimens for 
several years under these conditions with no loss of potenej If human brain tissue 
IS not available, a quantity of rabbit brain tissue could be pooled and stored in a 
similar manner This procedure allows more uniform results and saves much time 
and material by eliminating the necessity of preparing and individuall) testm? 
small amounts of dehydrated rabbit brain stored in separate evacuated ampules 

1 Preparatton of Blood Specimens — ^Thc dry oxalate mixture (6 mg of ammomum 
oxalate and 4 mg of potassium oxalate per 5 cc of blood) recommended b) Wm 
trobe” for the erythrocyte sedimentation test has proved satisfactor)' also as an 
anticoagulant for the blood used 10 the Quick prothrombin test Specimen tubes 
contaimng this dry mixture arc easier to store for cbnical use than tubes cotuaininj; 
the solution of sodium oxalate used by Quick’, furthermore, a part of the specimen 
so obtained may be used for numerous other hematologic tests We have commueJ 
to use the original calcium chloride concentrauon (o 0x5 mol) recommended bs 
Quick 

After addition of the blood to be tested, the tubes were repeatedly inverted to 
insure proper mixing The blood specimens were ccntrifugalizcd at xooo revolutions 
per minute for ten minutes, and the supernatant plasma was used for testing All 
determinations were completed within four hours after the blood was drawn 

3 Preparation of Thromboplastin — An amount of o 3 Gm of dehydrated brain tsas 
removed from the storage bottle and mixed with 5 cc of physiologic saline solu 
tion The mixture was incubated at from 48 C to 50 C for fifteen minutes, during 
which time it was stirred every three minutes with a glass rod After incubation tht 
particulate matter was allowed to settle to the bottom of the tube and the super 


narant fluid was used for tesung 

4 Determination of Prothrombin Time — The tube containing calaum chloride 
solution was kept in the water bath at 37 C To determine the prothrombin time, 
o I cc of plasma was pipetted into a clean ix by 100 mm glass tube, 0 i cc of 
thromboplastin soluuon was added and the tube was placed in the water bath for 
one-half minute * With the right hand, using a i cc pipct,f o i cc of calcium chlo- 
ride solution was added to the mixture, and at the same instant the stopwatch 
started with the left hand The tube was then quickly picked up with the left han , 
momentarily agitated, and replaced in the water bath After replacing of the ca 
cium chloride pipct, the prothrombin testing tube was picked up with the tig t 
hand and tilted or twirled continuously while being held with its contents 
visible yet barely submerged in the water bath The instant the first stran s o 
fibrin appeared, the watch was stopped with the left hand, and the protbrom 1 
time of the sample was recorded to the nearest half-second Determinations 
made in triplicate and the results were averaged All tests were picrformcd b) one 0 


the writers (P M A ) 

5 Statistical hAethods — Standard methods were used for determining t c 


‘Quick recommends one mmute but we have found one-ha!/ minute robe satisfactoil dik 

chloride IS kept at 37 C cblvi- 

■f Quick recommends the use of a shore serologic pipet and forcible blowing of c 
soluaon inro the thromboplastin plasma mixture 
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the Standard error ot the mean, and the standard deviation The mean ±l stand- 
ard deviations was accepted as representing the range to be expected about any 
given point 

The manner of conversion of prothrombin times to prothrombin concentrations 
used in this study is admittedly imperfect The variations in the prothrombin time 
of any group of normal plasmas are due partly to technical variables and partly to 
actual differences in the amount of prothrombin in the plasmas tested Technical 
variables would theoretically produce an equal amount of variation on either side 
of the mean time However, because the relationship of prothrombin concentration 
to prothrombin time is parabolic, a given time interval will correspond to progres- 
sively greater amounts of prothrombin, the shorter the prothrombin time becomes 
Because of this, an equal deviation in time about any given point will not corre- 
spond to an equal deviation in the prothrombin concentration The true prothrom- 
bin concentrations of a group of normal plasmas should fall into the theoretic normal 
curve of frequency distribution and the corresponding prothrombin times should 
form a skewed distribution curve When, as in the present study, the situation is 
reversed and the prothrombin times are treated statistically as if they fell into the 
theoretic normal distribution, the prothrombin concentrations thus derived will 
form a skewed distribution curve The value found for the mean prothrombin con- 
centration in this manner is therefore less than the true value, and the variation m 
the prothrombin concentrations about the mean is not equal, as it should be, but 
IS greater above than below the mean 

Despite the inherent error of the method, we have treated the data in this study 
as if the prothrombin times fell into the theoretic normal distribution This was 
done in order that the results of the Quick prothrombin test, as it is ordinarily 
performed in the average clinical laboratory, could be interpreted in relation to the 
findings here reported We are fully aware of the fact that the prothrombin concen- 
trations given in this report are not the same as would be found if it were possible 
to determine directly the amount of prothrombin in the plasma 

It IS necessary to have standards of reference to which the results of every inves- 
tigator can be referred The use of the prothrombin time itself is unsatisfactory, 
because of differences in the potency of the thromboplastin specimens employed 
and because of variations in the technic of performing the test For these reasons, 
the conversion of prothrombin time to prothrombin concentration was originally 
suggested by Quick Perhaps it would have been better to have expressed the 
variations from normal in statistical terms, so that degrees of abnormality could be 
expressed in terms of the number of standard deviations from the mean prothrom- 
bin time 


MATERIAL STUDIED 

Determinations of the prothrombin time were made on the undiluted plasma 
specimens (loo per cent) and on specimens diluted with physiologic saline solution 
fo 75i 5°> ^5 cent of their original concentrations One senes of tests was 

made on the blood of each of 30 normal subjects, and a similar series of tests was 
repeated thirtj times on the blood of a single normal control (P M A ) This 
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latter individual -was chosen as the standard control because in prchminat} cipai 
ments his prothrombin time was found to be very close to the mean prothroobin 
time of a group of normal subjects A separate aliquot of the dehydrated brain 
specimen was used for each paired series of tests on one member of the normal 
group and on the standard control Eight additional senes of determinations were 
made on the bloods of each of two individuals within the normal group These 
were chosen for special study because the prothrombin time of one of them (A A ) 
was among the shortest and that of the other (M R ) among the longest found 
in the group 


RESULTS 

I Dtstrtbutton of Normal Prothrombin Times tn Diluted and Undiluted Plasma —The 
distribution of prothrombin times of the various plasma dilutions is given in figure 



77/77^ S 

Fig I rhiTRiBDTioK OF Prothrombin Times in Various Pi.asma Dilutions in Normal Grodp a 

Stanpard Control 


I and statistical analyses of the data are given in table i The prothrom 
do not appear to form skewed distribution curves as would be expcctw, 
the step intervals are too long and the number of observations are too 
normal group the mean prothrombin time was ii 5 seconds and the , 

deviation o 73 seconds The normal range (M ± zui) was from 10 04 m ^ 
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seconds The mean time for this specimen of dehydrated brain therefore falls within 
the range specified by Quick for an acceptable specimen It should be noted, how- 
ever, that our mean times for 50 and 1.^ per cent plasma are somewhat longer than 
those given by Quick 

When undiluted plasma was used the standard deviation of the prothrombin 
time was almost identical in the standard control and in the normal group This 
would appear to indicate that the entire variation in the prothrombin time of the 
normal group was due to technical variables However, in the tests made on diluted 
plasma, the standard deviation was less in the standard control than in the normal 
group, and although the difference is not great, it suggests that some of the dif- 
ferences in the prothrombin times of individuals in the normal group were due to 
differences in the prothrombin content of their plasmas 


Table i — Protbromb/n Times Seconds') of the Normal Group and of the Standard Control Found tn too, 

7 St S 0 * ^tid 2S Ont Plasma 



100% Plasma. 

75% Plasma. 

50% Plasma j 

1 2S% Plasma 


Normal 

group 








Number of observauons (N) 

3° 

30 

30 

30 

30 

30 

1 

30 

3° 

Mean (M) 

II 50 

II 59 

95 1 

13 10 

16 i6 

16 43 

17 84 

i8 31 

Standard error of mean Qm) 

0 13 

0 14 

0 14 

0 12. 

0 18 

0 16 

0 65 

0 41 

Standard detiation (aP) 

0 73 

0 75 

0 75 f 

0 64 

I 51 

0 87 

3 57 

I- 1-3 

Lower limit of normal (M — 

10 04 

10 05 

II 43 

II 71- 

13 H 

14 69 

ZO 70 i 

13 86 

Upper limit of normal (M -b 

lo-x) 

11 56 

13 09 

14 45 

14 38 

19 i8 

18 17 

35 08 

31 78 


The standard deviation of the prothrombin time was markedly increased in the 
diluted plasma specimens both in the normal group and in the standard control 
However, the significance of this finding is not obvious unless the prothrombin 
times are converted to prothrcmbin concentrations 

z Distribution of Normal Prothrombin Concentrations tn Diluted and Undiluted 
Plasma — With the assumption that the prothrombin concentration is equivalent 
to the plasma dilution, a graph was constructed in which the ordinate represented 
the prothrombin time and the abscissa the prothrombin concentration A smoothed 
curve was plotted on the graph, using the mean prothrombin times of the plasma 
dilutions of the normal group In order to complete the curve, additional 
prothrombin determinations were made on the 10 and 5 per cent plasma specimens 
from ten members of the normal group (fig z) By readings from this curve, pro- 
thrombin concentrations were assigned to the various prothrombin times (table 
z) Analysis of these data shows that although the normal range of prothrombin 
times IS much smaller in undiluted plasma, the range of prothrombin concentrations 
IS ter} much greater, while conversely, although the range of prothrombin times 
IS greater in diluted plasma, the range of prothrombin concentrations is much 
smaller 
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Fig 2. Used for Com'BRWON of Prothrombin TI^^E to Prothrombin Concentration 


Table 2_ — 'Frctbrcmbtn C^nccntratfarts (jn Pfrttnt^ge of Mtan i^0rr?tal') of tho t^ormal Grouf 

Standard Control Found sn loe 7/, jp, and 25 Fcr Ctnt Plasmas 



100% Plasma | 

?S % PJisma 

i0% Plarina 

y<“, PUniu 

1 

Normal 1 
groyp 

, 

Stajidard j 
controi 

Normal 1 
1 group 1 

Stand- j 
an) 1 
control 1 

Normal 

Stand 

ard 

control 

Norm all 
group j 

' ^ K 

confro 

Number of obser\anons 

30 

30 

30 

30 1 

30 

30 

30 i 

i 30 

IMS 

Mean C^) 

100 

97 5 

75 

75 5 

50 

49 

1 15 j 

Lower Jimit of normal 

' 75 

73 0 

58 

58 0 

39 

4J- 

I ^3 1 

1 15 0 

Upper limit of normal (M + 

+100 

“Fioo 0 

+100 

56 0 

70 j 

56 

^5 
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3 Comparison of Accuran of Tests on Diluted and Undiluted Flasma — An attempt 
was made to compare the accuracy of the results obtained in testing diluted and 
undiluted plasma by multiplying the prothrombin concentrations found in the 
diluted specimens by their dilution factors The values for the mean and the normal 
range of the prothrombin concentrations obtained in this manner are given in 
table 3 In the normal group there was no significant difference in the values ob- 
tained for the lower limit of normal in any of the plasmas The values for the upper 
limit of normal were identical (140 per cent) in the 2.5 per cent and 50 per cent 
plasma specimens, but in the 75 and 100 per cent plasmas the prothrombin concen- 
trations were at an indefinite value over 100 per cent and therefore could not be 
compared with the values obtained in the more dilute plasmas For all practical 
purposes, however, it appears that there was no difference between the results 
obtained in diluted and in undiluted plasma in the normal group 


Tadle 3 — Comfartsoti of the Protbrombtn Concentrations Qin Percentaie of Mean Nomja/')f in Diluted and 
Undiluted Plasma^ of the Normal Group and of the Standard Control 



Normal Group 

Standard Control 

Plasma 

100% 

73% 

30% 

23% 

100% 

73% 

30% 

23% 

Value 

Value 
XI 33 

Value 

X2 

Value 

X4 


Value 
X 1J5 

Value 
X 2 

Value 

X*1 

Number of observauons (N) 

30 

30 

30 

30 

30 

30 

30 

3° 

Mean (M) 

100 

100 

ICO 

100 

98 

98 

98 

98 

Lower limit of normal (M — kti) 

75 

77 

78 

76 

73 

77 

84 

84 

Upper limit of normal (M -f tjiT) 

4-100 

4-133 

140 

140 

4-100 

118 

IIX 

ii€ 


In the standard control there was no significant difference between values for the 
upper or lower limit of normal obtained in zj and 50 per cent plasma In the 75 
and 100 per cent plasma the lower limit of normal was somewhat lower than in the 
more dilute samples In the 75 per cent plasma the upper limit of normal was 
considerably higher than in the 50 and 15 per cent samples In the undiluted plasma 
the upper limit of normal was at an indefinite value over 100 per cent and therefore 
could not be compared with the results obtained in the diluted plasma samples 
From these results it appears that repeated tests on the same normal individual 
may be more accurate if done on plasma diluted to at least 50 per cent of its original 
concentration 

4 Tests for Variation tn Potency of Thromboplastin — The differences in the pro- 
thrombin values in the standard control found at different times may be due to a 
number of factors, including variation in the preparation of thromboplastin, in 
obtaining the blood specimen, and in timing the reaction In addition, there may 
e\ en be slight fluctuations in the amount of prothrombin in the plasma of a normal 
subject at different times In order to determine whether there was any variation m 
the potency of the thromboplastin solution here employed, we adopted a pro- 
cedure suggested by Quick* for comparing the potency of an unstandardized 
thromboplastin solution with that of a standardized specimen By this method the 

















2-^0 standardization of quick prothrombin test 

prothrombin time is determined on the blood of a normal subject, using the un 
standardized specimen of thromboplastin, the percentile prothrombin conccntri 
non that would have been assigned to this prothrombin time had the blood been 
tested with the standardized thromboplastin solution is determined, the same 
percentage value is assigned as the potency of the unstandardizcd thromboplastin 
solution, and all determinations of the prothrombin concentration on unknown 
specimens of plasma made with it are so corrected In using this method one must 
make the assumption that any normal subject always has exactly loo per cent 
prothrombin in his plasma and that there are no variables in determining the 
prothrombin time other than the potency of the thromboplastin solutions cm 
ployed As has been stated above, there appear to be actual differences in the pro- 
thrombin concentration of normal subjects, but this objection to the method can 
be obviated by using as the standard control a normal subject whose mean pro 
thrombin time is known to be the same as, or reasonably close to, the mean po- 
thrombin time of a large group of normal subjects 


Table 4 — Valuet for tbt Prothrombin Concentrations (tn Penentaff of Mian Hormof) Oltonud ij lli 
Half-Dilution Technic in the Normal Group 



Uncorrected Value* 

Correcled Value* 

Number of obscm*nons (N) 

30 

30 

Mean CM) 

loi 5 

X03 I 

Sundard error of mean C<rM) 

1 3 

1 4 

Standard denaaon (vi) 

li 9 

u 3 

Lower bmit of normal (M — ivi) 

75 7 

76 5 

Upper limit of normal (M lo-i) 

117 3 j 

119 7 


The values onginallj found arc compared with those obtained when individual prothromhio 
concentranons were corrected for possible vananons in the potency of the thrombopJasnu 
soluaon 


The thirty aliquots of thromboplastin solution used in this study (each made 
from the same specimen of dehydrated brain) were assigned a potency equivalent 
to the prothrombin concentration of the standard control as determined in each 
specimen The values for the prothrombin concentration of the normal group ■were 
then corrected according to the potency value of the thromboplastin with which 
each plasma was tested All determinauons of the prothrombin concentration 
calculated from the 50 per cent plasma values The corrected and uncorrect 
determinations arc given in table 4 There were no significant differences between 
them The prothrombin concentration was slightly over 100 per cent in the uncor 
rcctcd group, owing to unavoidable errors in smoothing the standardization cun^ 
and in reading the prothrombin concentration from it The mean value m t 
corrected group was higher than that in the uncorrcctcd group because the mean 
prothrombin concentration of the standard control was only 97 5 
therefore apparent that with the mcthtxls of storage of dch)drat 
and preparation of thromboplastin solution here employed, no correction or van 
bility in the potency^ of thromboplastin is necessary or valid 
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5 Comparison of Prothrombin Values in Two Selected Normal Subjects — On the basis 
of the data present in table 3 , it would appear that the normal range of prothrombin 
concentrations is from 75 to 140 per cent In order to show more clearly the dif- 
ference in the prothrombin concentrations of different individuals, further studies 
were carried out on two members of the normal group The first, A A , was chosen 
because his prothrombin time was the fastest and the second, M R , because her 
prothrombin time was the slowest found in the normal group The prothrombin 
times in the various dilutions show a significant difference between the tw^o 
plasmas (table 5) When the prothrombin times were converted to prothrombin 
concentrations, it was found that the mean value for M R in the undiluted spcci- 


Table 5 — Com f arisen of tbi Prothrombin Times (jn Seconds') of 2 Seleaed thermal Subjects 



100 % Plasma j 

75 % PUsma 

50% Plasma 

25 % Plasma 


A A 


mm 

M R 

ngi 

M R 

A A 

M R 

Number of observanons (N) 

1 9 

1 9 

9 

1 9 

i 9 

1 9 

9 

1 9 

Mean (M) 

10 80 

IX 50 

II 80 

14 lO 

14 60 

iS 30 

M 5 ° 

33 30 

Standard error of mean (cM) 

0 IX 

0 13 

0 XX 

1 0 16 

0 xo 

0 32. 

0 57 

1 0 46 

Standard deviauon (<ri) | 

0 37 

0 40 

0 65 

0 47 

0 61 

0 95 

I 70 

I 37 

Lower limit of normal 

CM - larO 

10 10 ' 

II 70 

10 60 

13 xo 

13 40 

16 40 

11 10 

30 80 

Upper limit of normal 

CM ktO 

II 60 

13 30 

13 10 

15 00 

15 80 

10 10 

1 

17 9 ° 

36 2.0 


Table 6 — Comparison of Prothrombin Concentrations (jn Percent ap^e of Mean Normal, Using jo Per Cent 
Plasma and Multipljinp bj Dilution Factor') of 1 Selected Normal Subjects 



A A 

SI R 

Number of observanons CN) 

9 0 

9 0 

Mean CM) 

n6 8 

83 3 

Standard error of mean C<r\l) 

a 8 

I 6 

Standard deviation Ctr*) 

8 5 

4 8 

Lower limit of normal CM — ucrO 

99 7 

73 8 

Upper limit of normal CM -p uti) 

133 8 

9a 9 


men was 84 8 per cent and the standard deviation 7 6 per cent, but the mean value 
for A A was over 100 per cent and the two sets of observations could 
not be directly compared The prothrombin concentrations obtained by doubling 
the values in the 50 per cent plasmas (table 6) show more clearly the extent of the 
difference between the two plasmas, the mean prothrombin concentration for A A 
being 116 8 per cent and for M R 83 3 per cent of the mean of the normal group 
6 Comparison of Accuracy of Tests on Diluted and Undiluted Plasma tn Normal Sub- 
ject A comparison of the prothrombin concentrations obtained for M R in 
undiluted plasma and bj doubling the values for her 50 per cent plasma (table 7) 
shows that there is no significant difference in the mean values of the prothrombin 
concentration obtained bj the uvo methods The standard error of the mean and 
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the standard deviation of the pothrombin concentration ivcrc grata in tlic ta j 
made on undiluted plasma than in those made on diluted plasma, and although it 
difference is not statistical!) significant, it again suggests that repeated tcstici.' 
on the same indn idual ma) be more accurate if diluted plasma is emploied 
7 Size 0/ Sample Keqmred for Accurate Standardization of Tlremboplaitir —It n 
apparent from the data presented that the use of a single senes of dctenninatiocs 
on the blood of one random normal subject as a normal standard map lead toco: 
sidcrablc error An unknown prothrombin that would be reported as 100 per ck 
if the lowest values found for M R were used as a standard, would be teporeJ 
55 per cent if the highest values found for A A were used as a standard Tl 
implications of such an error in interpreting the response to administratioa o' 
vitamin K or in regulating dicumarol therapi are obvious However, the rangi cf 
normal prothrombin times is so small that it probabl) would not requue a gro-'p 
of as man) as 30 subjects, such as was used in this stud) , to establish rehable vales 


Table 7 — Prothrembin Conantratiens (tn Pamitage cf AUan PJermaP) cf xTI JJ OlrjsaJ ich ItLir' 


Plasma Compared icitb Pbost Found bj the Half Di/ariffn Te bn 


1 

] 

100 Q Plasma ' 

Pil 5 Si 

\ aluc 

1 IilctX’ 

Number of observanons fN} 

9 

5 

Mean (M) 

S4 s 

S 3 a 

Standard error of mean (cr\i) 

5 i 

I f 

Standard denanon (er,) 

1 7 6 

1 ■! S 

Lover limit of normal (M — itti) 

65 6 1 

73 S 

Upper bmit of normal (M utx ) 

100 0 

9-? _ 


In order to determine hov, small a sample would produce rehable data, we used th 
following procedure The standard error of the mean (cm) of the normal group 
(N = 30) was arbitraril) set at three umes its actual value The mean (M) trJJ 
still well above three times its own sampling error With this figure as the standir 
error of the mean, the formula 


O-JT 

was used ( N — i was employed as a precaution because of the small sue of th 
sample) This technic applied to the figures obtained gave the follow mg rcso ts 
with 100 pier cent plasma, N = 4 5, -with 50 pier cent plasma, N = 4 ^ 

pier cent plasma, N = 4 4 It therefore appears that a sample of 5 normal su 
would be sufficient to establish a reliable mean Howes cr, these tcsulis must 
interpreted with caution, because this statistical technic carries with it t c ass 
tion that the conditions' of the experiment would be the same as those csta is 
for the tests made on the group of 30 normal subjects ongmall) studied 

There has been much discussion of the relative merits of various ^ 

determining the prothrombin concentration when the tests arc pcrionn 
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pericnccd observers under ideal conditions, but scant attention has been given to the 
matter of the reliability of results reported b> the average clinical laborator) 
Errors in performing the test may obscure the diagnosis of liver disease or may lead 
to serious errors in the administration of dicumarol 

The principal sources of error in all methods of testing the prothrombin concen- 
tration are lack of experience with the test and inadequate standardization of the 
thromboplastin used Precise technic can be achieved only by practice and strict 
attention to the details of the test The results obtained in this study clearly indi- 
cate that even with the most precise technic, great errors may be made in the Quick 
test if a single specimen of blood from one random normal subject is used 
as a normal standard Our results suggest that the blood ot at least 5 normal sub- 
jects should be used if reliable mean values are to be established With the present 
sources of thromboplastin available to the average clinical laboratory, such care 
in standardization is not possible One solution of the problem would be for each 
laboratory to accumulate gradually a pool of dehydrated rabbit brains and to 
preserve the specimen in an evacuated desiccator as was done in this study If zo 
brains were so pooled, proper standardization with 5 normal blood specimens 
would require only one-fourth of the effort that would be spent in the inadequate 
standardization of each brain with a single blood specimen Another solution 
would be for commercial distributors to market material from a single pooled brain 
specimen in sets containing sufficient dehydrated brain in evacuated ampules 
to allow for proper standardization as well as for a sizable group of individual 
prothrombin determinations 

Our results suggest that slightly greater accuracy may be attained if the test is 
performed on plasma diluted to 50 or xy per cent of its original concentration Our 
data unfortunately do not permit a comparison of the accuracy of tests made on the 
II 5 per cent plasma concentration suggested by Link * A distinction should be 
made between the inherent error of the test when it is performed with the greatest 
possible accuracy, and gross errors in timing the reaction that are due to poor 
technic It is apparent from an examination of the prothrombin concentration 
curve (fig x) that when undiluted plasma is used, an error of one second in timing 
the reaction may result in an error of xo per cent or more in the value obtained 
for the prothrombin concentration If the same plasma were diluted to xy per cent 
of Its original concentration, a similar error of one second in timing would result 
in an error of approximately i per cent in the value obtained for the prothrombin 
concentration When this error is multiplied by 4 in the final calculation of the 
prothrombin concentration, it is still significantly less than the error of the rest 
performed on undiluted plasma However, minimizing of errors that can be elim- 
inated by precise methods does not constitute a valid reason for attributing supe- 
riority to the dilution technic 

From the results of tests made on diluted plasma, in the standard control, it is 
apparent that an elevation of 10 per cent in prothrombin in a single individual 
after the administration of vitamin K becomes significant only if the prothrombin 
concentration is xy per cent or less When the prothrombin concentration is in the 
neighborhood of yo per cent, a change of ly per cent would be required 
for statistical demonstration that a significant change in concentration had oc- 
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cuiTcd, and when the prothrombin concentration is m the neighborhood of 75 pi 
cent, even an elevation to a concentration of 100 per cent cannot be proved to b 
statistically significant This variation due to chance alone could be considcrabh 
decreased if the means in two groups of determinations made rcspccnvcl) before 
and after administration of vitamin K were compared The same limits of sigmf 
cance would apply in reverse order to changes in the prothrombin concentration 
following administration of dicumarol 

SUMMARY 

A large specimen of human brain, obtained at autopsy, was dehydrated and 
stored in an evacuated desiccator Portions of the material were removed nhfl! 
needed and the desiccator was re-evacuated Under these conditions there was no 
loss of thromboplastic potency over a period of two years 


Table 8 


1 

iOO % Plasma | 

iO % Plasma 

1 35'^PUsrai 


Value 

Value X 2 

Valut X i 

Norma! prothrombin time 
mean 

lower limit 
upper limit 

II 5 see 

10 0 see 

13 0 sec. 



Normal prothrombin concentration 
mean 

lower limit 
upper hmit 

100% 

75% 

-f 100% 

t 100% 

78% 

140% 

100% 

yiVt 

1 Mof? 


Table 


ilean value (%) 

Minimum (%) 

Maximum (%) 

Total 

97 3 

73 

4-100 


73 5 

58 

96 


49 0 

42- 

56 


M 5 

■LI 

2-9 



+ 2-7 

38 

14 

8 


The dry oxalate mixture (6 mg of ammonium oxalate and 4 mg of potassium 
oxalate) was used as an anticoagulant in order to obtain plasma for the prot ram 

bin tests . j 

With the specimen of thromboplastin used in these experiments, norma 
ards for the Quick prothrombin test were found as shown in table 8 These resu 
do not necessarily mean that the normal range of prothrombin concentrations^^ 
from 75 to 140 per cent of the actual amount of prothrombin in the plasma 0 ^ 
average normal subject They mean only that with the methods here emp o) 

values within this range may be expected to occur nhraincd 

There was no significant difference between the prothrombin valu 
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in a group of normal subjects by methods using diluted or undiluted plasma In 
repeated tests on the same subject there appeared to be slightly greater accurac) 
when the tests were performed on diluted plasma, but there was no significant 
difference benveen the results obtained with plasma diluted to 50 or to 2.5 per cent 
of Its original concentration 

Repeated tests on diluted and undiluted plasma from the same normal subject 
produced the range of normal variation about the various prothrombin concentra- 
tions shown in table 9 

The normal variation that may be expected to occur at any given prothrombin 
level must be considered in interpreting the variations that appear after administra- 
tion of vitamin K or dicumarol 

The use of a single specimen of blood from one random normal subject as a normal 
standard may lead to considerable error, because of unavoidable technical variables 
and because of differences in the prothrombin concentrations of different normal 
subjects To establish reliable normal standards, the blood of at least 5 normal 
subjects should be individually tested with the same specimen of thromboplastin 
and the results averaged 
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INDIVIDUAL BLOOD DIFFERENCES IN RELATION TO PREGNANCI 
WITH SPECIAL REFERENCE TO THE PATHOGENESIS 
OF PREECLAMPTIC TOXEMIA 


E) Jane G Hukst, A B , Howard C Taylor, Jr , M D , and Alexandes S 

Wiener, M D 

P reeclamptic toxemia IS rccognircd as an important cause of niatcmj) 
death and is often a source of permanent ill health in a woman surviving an 
attack The disease presents a striking clinical picture, consisting of sadden ap 
pearance of proteinuria, hypertension and edema during the last trimester of prtg 
nancy and equally rapid improvement of the patient after parturition This spec 
tacular course and the sometimes serious results have tempted many workers to 
study the pathogenesis of this condition 

Among the many explanations offered for preeclamptic toxemia is the theory 
that isoimmunization of the mother to agglutinogens in the red cells of the ferns 
IS the cause of eclampsia Originally suggested by Dienst' in 1^5, this theory was 
abandoned by the same investigator three years later ®Thc idea was revived m 1913 
by McQuame’ and Ottenberg,'* only to be discredited again by other workers 
Today it is not even mentioned in most of the standard textbooks on obstetrics 
The isoimmunization theory of the pathogenesis of eclampsia was first suggested 
by the similarity of the symptoms and pathologic changes of this disease to those 
of experimental hemolytic transfusion reactions produced in animals by injections 
of blood of other species According to the theory as it was first advanced b) 
Dicnst, two conditions were necessary for eclampsia to occur i There had to be 
a defect at the placental site permitting fetal blood to gain access to the maternal 
circulation 2. The red cells of the fetus had to be incompatible with the scruniof 
the mother Dienst attempted to demonstrate both of these points To detect the 
presence of a communication between the circulations of the fetus and the mother 
he injected methylene blue (methyl thioninc chloride) into the umbilical scssels 
and examined the maternal urine for presence of the dye Among 160 women he 
found 32., or 2.0 per cent, whose urine turned blue after this injection For tcstin? 
serologic incompatibility he matched the blood of 118 mothers and their rcspectue 
children in 1,726 combinations He found that the serum of 24 of these mot ers 
agglutinated and eventually lysed the red cells of their fetuses In 15 of 
women he found that the placenta did not permit the passage of methylene 
and there was no trace of albumin in the urine Of the remaining 9 women wu^ 
blue urine, 7 had eclampsia and 2 had albuminuria According to the ^ 
Dicnst, if the maternal scrum contains antibodies (agglutinins or hernoysms 

From the Depanraent of Obstetrics and Gsnecolog) Nesv York Unncrsit) College of 
the Obstetneal and G)necologic Service of the Third (Nesv York Unis ersitt) Surgical s 

s ue Hospital, and the Serological Laboratorj of the Office of the Chief Medical Exaromrt o 

This stud) svas made with the aid of a grant from the Commonwealth Fund ofNess kork 
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high titer for the fetal red cells and if small amounts of fetal blood enter the 
mothers circulation through a defect in the placenta, the fetal cells \m 11 be 
clumped, blocking the arterioles of the mother 

The early investigations on this problem w'ere hampered b) the then limited 
knowledge of the individual differences in human blood In Dienst s article no 
reference is made even to the four standard blood groups, his conclusions being 
based entirely on cross-matching tests In McQuame s paper the data presented 
concerning the blood-grouping tests are inadequate and difficult to interpret ac- 
cording to present standards Since these papers were written, knowledge concern- 
ing the four blood groups has advanced considerabl) , and, in addition, further 
individual differences in human blood have been discovered, of which the most 
important clinically arc the Rh and Hr factors * The rcinvestigation of this problem 
in the light of the more modern knowledge of blood grouping seemed, therefore, 
to offer a promising field for research 

The present study was set up to test several possibilities i Evidence was sought 
as to whether pregnancy itself could cause a rise in isoagglutinin titer x The 
possibility was considered that the process of parturition, bj making it possible 
for fetal blood or other products to pass the placenta, might cause a rise in maternal 
isoagglutinin titer To explore this possibility blood taken from each patient eight 
days post partum was examined and compared with that originally studied 3 
Finally patients with toxemia were studied in a similar manner to dcrcrrainc 
whether there was a greater incidence of incompatibility between mother and 
fetus, a higher titer of isoagglutinins at labor or a greater rise following delivery 

MATERIALS AND METHODS 

A toul of 183 normal mothers and their infants were studied, together with 35 patients with toxemia 
and their offspring The normal \%omcn and most of those with toxemia were patients from the obstetric 
service of Bcllc\mc Hospital Material from several pauents with toxemia was obumed through other 
hospitals * 

The scope of the studv included an investigation of the standard blood groups subgroups, MN 
t>pes Rh tj'pcs and Hr reactions m the enure senes of mothers and newborn infants At the time of 
deliver) a sample of blood was obumed b) venipuncture from the mother and a sample of the infant s 
blood was obtained from the vessels of the umbilical cord A second sample of blood was usuall) uken 
from the mother on the eighth da) post partum, the da) before the one on which the {jaricnt was gen- 
erall) discharged from the hospiul In cases m which the tests on the umbilical cord blood gave unsatis- 
factor) reactions, a fresh sample of blood was obumed from the infant b) puncturing the heel or great 
toe and collecung 10 to 10 drops of blood m a small test tube conuming 3 drops of 3 8 per cent sodium 
citrate soluuon Additional tests were earned out on a number of the mothers at various umes before 
and after deliver) , but for simpliac) the results of these tests arc omitted from the tables 

The bloods from ever) mother and child were dassihcd for the blood groups subgroups and M-N 
t)pcs and whenever possible theRh and Hr t)'pc$ were also determined At umes when the suppl) of 
special Rh and Hr scrums was low the bloods were mcrcl) tested with sundard Rh scrum and classified 
as Rh positive or Rh negauve The technic of these determinations is desenbed elsewhere* " ® and will 
not be repeated here With regard to the subgroups of group A, it should be menuoned that this test is 
not cntircl) reliable in the case of newborn infants * Because of the low scnsitivit) of infant blood to 
agglutination bv absorbed B scrum onl) positive reactions arc reliable According!), in the ublcs, 
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'(\hcn the absorbed B serum agglutinated the infant s blood the subgroup tsas diajncscd as A] btuh-t 
no clumping occurred no diaguosis as to subgroup ts as recorded 

The scrum of each mother as titrated to determine the content of anti A and/cr -no B isoa|glunniii!. 
These titrations sscrc done on blood taken at the time of delner; and also on the sample obtained ct- 
svccL post partum, in order to determine sshether there had been anj change m aggluonin titer In sec; 
of the cases in svhich the -noman s blood was Rh negame, her scrum was al o tested for preset ol 
Rh antibodies 

A few remarks concerning the technic of titrating for isoagglutmins appear to be necessat) Dope 
an evpcricncc svith thousands of such ntranons, the maximum titer we hate e\cr encountered eseniD 
an immunized person, amounted to onl) sctcral thousand units We have neser obtained an\ uttr 
approaching the extras agant values reaching as high as several millions, claimed bs cenain svotlm 
The only stay ssc can account for the results reported by these workers is that the technic of nnsint lb 
pipet used for preparing the scrum dilunons might has e been inadequate, so that scrum ss-as timed osn 
from one dilution to another, or that if the same pipet ssas used for the test blood suspensions thecclls 
might base become partis coated svith antibody and thus been more susceptible to aggluunation To 
as Old these common pitfalls ssc base used the follossung precautions i The pipet is nosed thtce iiiro 
ssith frtsA saline solution betsscen dilutions The saline solution used for nnsingis distnbuted imoiti 
senes of test tubes and a fresh tube of solunon is used for each dilution (instead of the pipet s boot 
nnsed in a common resets oir of saline solution which would soon become contaminated ssith serum) 
An alternative technic ssould be to change pipets betsscen dilunons, but this is not necessats ptosided 
that the following additional precaution is obsersed z Escry serum giving a uter higher than icon 
retested as follows A i lo or a i 50 diluoon is prepared, depending on the titer of the setnm, by accu- 
rately measuring the proper solumc of serum, ssith a graduated pipet into an accuraiels meisufcd 
s olume of saline solution Then w ith a first pipet the diluted scrum is u crated The titer of the coocct 
traced serum is calculated simply bs multiplsing the ntcr obtained by the dilution factor For example 
if a claim of a titer of 5 000 cco units sserc correct, it should be possible to dilute the senun t,o» timet 
and find that this diluted serum still has a titer of 5 coo * No such control test was earned out bs the 
insestigators reporting the aforementioned extras agant titers 

In ans case, it is obs lous that the titer assigned to a serum is purely arbinary and will vary mth ibe 
method of titration used If the idcnucal technic is used by difl'crcntworkers, there isnorcasonsshvcoitr 
parable results cannot be obtained Our tests sserc carried out by mixing 1 drop each of the 'cncs 
diluuons of the scrum being titrated in a corresponding senes of ss ells on a Boerner sstll slide withadttp 
of a fresh x jxer cent suspxension of the standard test cells and a drop of saline solunon The slide 1^ 
placed on a Bocmer shaking machine for ten minutes and the reactions ssetc then read snih 
naked eye and under the loss pxiss-er of a microscope This racthexf giscs titers about one sixth a* '* 
as the values obtained in similar ntranons set up in test tubes and read after standing for t'vo 
at room temperature or after centnfuganon for one minute at low speed ’ 

RESULTS 

Mothers Without Toxemia — In tabic i are listed the findings in a senes 
normal mothers and their newborn infants Parallel columns shots the ^ 
groups of mothers and infants and the isoagglutmins in the mothers serum at 
and at the end of the first week of the pucrpcrium 

It may be of interest first to compare the isoagglutinin titers of these 
term with the isoagglutimn titers of a random senes of male profcssiona 
Accordingly, in tabic 2. we have summarized the agglutinin titers at the 
labor of the patients listed in table i and for comparison have listed t '^rrt^^ 
of a senes of titrations carried out by the identical technic and reporte ) 
and Moloney The similarity between the distributions of the titer sa 

* If serums with titers as high as 5 oco oco units actually existed 10 cc of such a seru 
sutfiaent to group the bloods of the combined armed forces of all the United Nations 
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Table i —Casts 0} Mesbm u^sthout Tovtmia 


Titer of Maternal Serum for 


: Labor Labor p 


OMNRho 

OXRhi 

0^rVRh,Rh 

0^t^■Rhl 

0^5NRl 

O^fNRhi 

O^^Rh- 

0^tRh- 

Oitb-Rhi 

OJtRh- 

OMNRhi 


OJfRh- 

OMRhi 

OilNRhi 

ONRhiRhj 

OMNRh 

ONRhj 

O^^Rh 

OinUii 

ONRhiRh! 

0%rNRhi 

OMRhi 

OMNRhiRhi 

OMRh) 

0^tRh•r 

OHRh^ 

OArRh* 

OMNRh’- 

OMRhi 

0’\fRh'Hr+ 

ONRhiHr’ 

OMRhiRhiHr+ 

O^tRh-Hr^ 

OXtNRhiRhiHr+ 

OMNRh, Hr+ 

0’\tN'RhiHr+ 

OMRh, Hr’- 

0^t^Rh,Hr- 

OMRh-Hr’ 

0^t^Rh,Hr+ 

OMKhrMr* 

OMN’RhrHr’ 

ONRh,Hr 

OMNRh,RhJfr’- 

OMNRhiHr* 

0\tN’Rh-Hr+ 

OAfRH Hr’ 

OMRhJfr’ 

OMNRh,Hr+ 

ONtNRhTfr’ 

0^fRh,Ht’ 

0\Rh,RhJir* 

OMNRh,Rh Hr’ 

OMNRh,Rh Hr’ 

0\Rh,Hr 

OM\Rh,RhHIr’ 


ONRb-Q 
OilNRbitf 
OJtXRhiO 
OVRh,Rhi£? 
OMNRh, ■} 

OMRhid" 

0^tN■RhJ;^ 

OMNRh cf 
ONRhiO 
O^^NRh,« 
OitNRh-rf' 
roifNRhiRhid-; 
^OitSTlhui-; 
OifNRhiV 
OifNRhiJ 
OifNlth « 
OitNRhicf 
OAtNRh.cf 
ONRh,9 
OMNRh cf 
OMRhi? 
ONRhiRhiO 
OMNRhicf 
OifNTlhiRhi? 
OMNRhicf 
OhlRh-cf 
OJrRh’cf 
OMNRh’cf 
0^rRh’ef 
ONRhiRhj? 
OMRhiRhi? 
OirRh-Hr+cf 
ON'RhiHr’cf 
OJDvRhiHr-cf 
OJtNRhiHr’cf 
OMNRhiRhiHr’cf 
OJfN'RhiHr’O 
ONRhiHr-cf 
0:MN'Rh,Hr’? 
OifNRhiHi-? 
0^rRh,Hr’cf 
OArRh,Hr*cf 
ONfNRhiHr*<f 
OMRhoHr’? 
ONTOiiHr-cf 
0^^^’Rh,Rh^^r’9 
ONRhiHf? 
ONRh-Hr’O 
O'fRhiHr-? 
OMRhHlr’9 
OMNRhiHr’cf 
O'NfRhsHr’? 
OirRhiHr*? 
O^L^Rh,Hr-cf 
ONRhiHr’cf 
OMNRh,? 

ON Rh ini’? 
OilNTUiiHr-? 
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Titer ot Jtstenul Strma (0 







Case JCo 

Alothcr 

Child 

j Aj CelU 

BCdii 




At Labor 

1 Wk 

P P 

At Labor 

lUL 

P P 

58*$ 

OMRh.Hr+ 

OMNRhJIr+9 

2 

4 

4 ; 


59 

OMRhJBr*- 

OMNRliair+d' 


4 

24 

V 

6011 

OMRh-Hr* 

OMRhiHr+cf 

2 

4 

12 I 

{ 

61§^ 

OM\Rh-Hr+ 

OJINRhiHr+9 

8 

P 

4S 1 

M 

62 

AiMNRhi 

AiilRhi? 



12 

n 

i 

63 

AiMRh- 

AiMNRh-9 



1 

«$ 

AiMXRli: 

AiMRhicf 



12 

14 

65 

AI^X^^UlI 

AiMNRh-e 



32 

14 

66 

AjMNRhi 

AiirNRhiif 



S 

4 

67$ 

AiNRhi 

AiNRhiel' 



1 

1 

68 

A.MNTlhi 

AiVINRhiJ 



12 

14 

69* 

AtMRbi 

AJVIRhiP 



12 


70$ 

AiMNRhi 

AJUUnJ 



16 

1 

71 

A.MNRh 

AiNRhiRh (f 



16 

14 

72* 

AiM^TRhi 1 

AiilNRhi? 



6 

6 

73 , 

AiNRh- 

AiJINRh-V 



4 

4 

74$ 

AiMXRh+ 

AiNRh+C 



8 

4 

75 

A.IINRh*- 

AiJINRh+c)’ 



4 

2 

76$ 

AiNRh*- 

AiMNRh'V 



12 

S 

77 

AiMNRh 

AiiIRh,9 



32 

31 

78$ 

AAINRhiHr*- 

AiMNRhiHr*9 



8 

4 

79$ 

AiMRhiRhtHr* 

AiMRhjHr*'9 



6 

4 

80 

^ AiNTUiiHr- 

' AiNRhiHr-9 



4 

4 

81 * 

AiMRh. 

AiMRhrfIr*9 



6 

11 

82 

AiMRhjHr* 

AiAINRh-Hr^cf 



12 

P 

83 

AiNRhiRhJIr* 

AjAINRhiHi*9 



16 

P 

84 

AiMRhiRh Jlr'^ 

AiMRhJIr*<j' 



n 

V 

85 

AiMRhiHr'*’ 

' AiMRhiHr-d' 



12 

i*- 

86 

AAIRh-Hr* 

AJIRhiHr*'9 


1 

6 

6 

87 

AjirVRhiHr* 

AiMNRhiHr*^9 



24 

24 

88 

AjNRhiHr* 

A,NRhiHr*9 j 



12 

6 

89 • 

AiMNRhiHr- 

AiilNRhiHr+d" 



4 

4 

90 

A( iMRhiRh Jlr’*' 

Ai linUitHr-d" 


1 

4S 

* 

91 

AiIlNRhiHr* 

AiiINRbiKh,Hr+9 



6 

S 

92‘i 

AiilXRhoHr^ 

AjMRhoHr+9 



45 

11 

93* 

AlM^RhflHr^ 

Ai\TUi.Hr+9 



4 

5 

94 

A'XLVRhf 

ONRhi9 

1 


6 

95 

AiVRhiRhj 

0\RhiRhid' 

1 


32 


96$ 

AiNRhi 

OilNKhK^* 



$ 

1 : 

4! 

97 

AiilNRh^ 

01INRh*9 



16 

98 

AiAlXRh“Hr+ 

OAINRh-Hr*9 



1 (A 1 

99 

A.MXRhiHr+ 

OXRh-Hr+9 



96 

4 

100 

AiMRhiHr* 

OMNRh-Hr-^9 


1 

1 6 

101 

Ai'MNRhjar- 

OilNRhiHr+t^' 



; 12 

12 

102$ 

AiMNRfiiRhJIr^ 

OMNRhiRhJfr*9 



12 

103 

Ai’MNRhiHr+ 

OMRh-Hr^rf' 



8 


104 

BSJJsRho 

B'MRh.? 

12 

32 



105 

BNRhi 

BNRhi 9 

6 

8 

1 


106 

BilXRhi 

BNTUiicI' 

4 

2 



107 

BMRh- 

BMRhicT 

4 

6 



108$ 

BNRhi 

BMXRht9 

4 

6 



109$ 

BXRh^* 

BAlNRhoHr^cf 

2 

4 



no 

BMXRhiHr- 

BMRbiHr*9 

6 

12 


1 

111 

BMXRhiHr+ 

BNRhJIr*9 

12 

11 



112 

BJINRhoHr- 

BJIN'RhoHr*9 

16 

24 



113*$ 

BVRhoHr- 

BVRhJIr*9 

24 

12 



114*$ 

BVRho 

BXRhi9 

16 

24 

^ 


115 

BVRhJIr*- 

BJrVRhiHr*9 

6 

4 
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Tabix 1 — CantmutJ 


Cast Iso 

MolbtT 


Titer of Maternal Scrum for 

ChrW 

A Cells 1 

B Cells 


At Labor 

1 WT 

P P 

Kt Labor 

1 WT 

P P 



BNRhiHi*9 


11 



117’J 

BlDsRhcHr*- 

BNRh,Hr-S 

4 

6 



1185 

BMRhiHr* 

BJIRhiHr*? 

8 

6 



119*5 

BMRhiHr^ 

BMRhaHr*<f 

4 

6 




BMNRhJli+ 

BiIRhiRhJlr*d' 

4 

4 



121 

BMRhi 

OMRh,;? 

2 

2 



122 

BJINRhi 

0MNRh,d* 

8 

12 



123 

BMRhj 

OMBhaO 

24 

12 



12A 

BilNRhiRhi 

OJINRhiO 

1 

1 



123 

BMNRhoHr*- 

ONRhoHr*ef 

4 

4 



126 

BMNRhiHr* 

OirNRh,Hr*d' 

12 

24 



127*5 

B’MNRhiHr*- 

OMNRh-Hr*9 

6 

8 



128*5 

BMRho 

OilRha? 

24 

12 



129 

AiBMRhi 

A,5INRha9 





1305 

AiBMRli: 

A,5DrRh-d' 





131 

AiBilRh^- 

AaMRh+cf 





1325 

AiBNRhiHr 

A,5INRh,Hr*9 





133 

AiBiINRh-Hr*- 

A,NRh-Hr*9 





tSi 

AiBJINRh.RhiHr* 

A,N’Rh,Rh,Hr*<i’ 





135 

AiBMRh- 

AirRh+9 





136 

AiBNRhiHr* 

ANRh,RhaHr-rf’ 





13r 

AiBMRhiRlii 

AilRh 9 





1385 

AiBMNRhi 

BHirs RbiRhj9 





139 

AiBNTUi- 

B\Rh,9 





1405 

1 AiBJINRh* 

BJtNRh*9 






AtBMRhiHr* 

ABiCsRhiHr-9 





142 5 

AjBMRho 

AiINRh,9 





143 

AJB-\DsRh' 

ANRh^d* 





144$ 

AiBMNRhiHr* 

ABNRh,Hr*c;' 





US 

AiBNRhiHr* 

Av>tNRhaHr*9 





1465 

ONRhiRh, 

A,MNRh,Rhad> 

I 

4 

8 

12 

147 

OMNRhi 

A,MN'Rha9 

6 

12 

8 

12 

148 

OMNRhi 

ANRh-d* 

4 

6 

24 

24 

1491 

OJIRhi 

A,MRh,d' 

8 

96 

24 

W 

150§ 

O^rNRhi 

A,NRha9 

1 

M 

2 

96 

151 

OJINRhiRh) 

At^'RhlRhJ9 

1 

128 

12 

24 

1525 

OMRhi 

Aa’MNRhaRh cf 

24 

24 

16 

24 

153 

OJIRhi 

A,MNRh,9 

8 

8 

12 

16 

1S4 

OAINRhiRh 

AMRh,9 

32 

32 

12 

12 

155| 

OilRh- 

A,MN'Rh'tf 

24 

8 

4 

8 

156 

OMNRh, 

AdS'Rh,9 

8 

16 

32 

16 

157 

OMRh'Hr* 

A,MRh'Hr*d' 

4 

8 

4 

4 

158 

OMNRh-Hr* 

AiNRh-Hi^9 

4E 

24 

12 

12 

159 

OMNRhiRhJIr*- 

AMRh,Hr*d' 

6 

12 

4 

12 

160 

OMNRhiHr- 

A,MXRh,Hr-9 

4 

16 

4 

16 

161 

OMNRhiHr- 

AiNRhiHr-c?' 

12 

12 

16 

6 

162 

OMRhiHr* 

AiMRhiHr-d' 

4 

4 

8 

6 

163§ 

OMNRh 

A,5rN'Rh,9 

24t 

12 

16+ 

24 

IW 

0\RhJlr* 

Ai1IARhjHr*cr 

6t 

24 

12+ 

8 

165 

OMNRh, 

ENRhic^* 

16 

24 

8 

16 

1661 

ONRh, 

BlIVRh o' 

4 

16 

24 

96 

16. 

ONRhJlr* 

B5rNRh,Rh Hr*d' 

4 

6 

8 

6 

163 

ONRhiHr* 

BMNRhiRhJIr*? 

6 

6 

48 

24 

169 

OMNRh, Hr* 

BMNRhiHr-g 

4 

12 

6 

24 

1.0 

0\Rh,Hr* 

BM\RhiHr-9 

4 

4 

12 

12 

1.1 

A,MNRh,Hi* 

BNRh-Hr*cf 



8 

12 

j 2 

A,NRh,Hr* 

BVRhiHr+cJ’ 

1 

‘ 

8 

32 


BLOOD DIFFERENCES IN PREGNANCY 


2.40 
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Case No | 

i 

3Iother 

Child 

Titer of Malci 

Aj Cells 

real Senm fw 

B Cclh 


1 Wl 
p p 

At Labor 

P P 

1735 

AiJDOUi- 

AiBNRh'<f> 

i 

1 


3’ 

L’ 

174 j 

AiMRhi 1 

AiBMNRho 9 


i 

3-> 1 

U 

175 1 

AiMRh, 

AiBMRh- 



61 

4 

1761 

AiMRhJSr* 

AiBMRhiHr+d' 



12 1 

16 

177 

AiXINRhiHr+ 

ABNRhiHr~a' 

I 

1 

V 

t 

178*5 1 

AiNRhmr*- 

ABNRhjHr*? 



8 ' 

U 

179*5 

AiMNRhiHr* 

ABilRhiHr+cr 




il 

1805 

BMNRh*- 

AifRhiRhj? 

S 

16 

1 


m 

BMRln 

AiBifRhoff 

24 

48 



m 

BSIRhiHr*- 

AiBNRhiHr*V 

' 12 

24 



1835 

AiJlNRhi 

AiNfNRh”a' 



16 

16 


P P " Post partirm 
•■Negro families 

t Titer* detennmed two or more weeks ante partum no sample tested at dehverj 
t Twins 
I Pnmipara 

i\o anti Rh agglutinins or blocking antibodies in maternal scrum 
[1 B eak Rh agglutmm detected in maternal serum Infant clinical^ normal 
•• Infant itnibom 


the two senes is striking and indicates that the isoagglutinin titer probabl) JofS 
not change during a normal pregnancy In a number of cases in which titrations 
were carried out earlier in pregnancy, the values obtained did not differ signif 
candy from those obtained at the time of deliveiy 

A rise in the maternal isoagglutinin titer during the first week of the puerpenum 
could reasonably be expected only in cases in which the fetus possessed an antigen 
A or B lacking in the mother Accordingly, in table 3 the cases hat c been di\ idea 
into two groups, namely, those in which the infant s red cells were compatihk 
with the maternal scrum with respect to the blood groups and thojc m which t c 
infant s blood contained an A or B agglutinogen absent from the mitcrnal bio 
In interpreting the results it is necessary to bear in mind that serologic titrations 
arc extremely inaccurate in comparison with chemical utrations, and that t ck 
fore a difference in titer value of one or even two tubes is not unusual m ^ 

obtained by careful workers using identical scrum and test cells Since the 1 
arc prepared in geometric progression, any difference less than courfo s 
therefore be discounted These facts were borne in mind when we prepar ta 
As expected, significant rises in isoagglutinin titers occurred almost cxc usue 
the smaller group of cases in which the infant s red cells were incompati c 


the maternal scrum Rnormao 

These results differ somewhat from those reported by Smith” an ) 
and assoaates Smith observed a significant and specific rise m isoagg 
ID all but a small percentage of the cases in which the fetus posscssc an agg 
gen A or B lacking in the mother s blood He also reported chat in cases 
no rise in isoaggluunin titer occurred the infant proved to be a non sccrc 
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The discrepancy between Smith s findings and our own is not as great as it ap- 
pears to be at first sight The majority of rises in titer reported by Smith amounted 
to only 2. or 3 dilutions, hence many of them may have been due to technical factors 
Possibly pant) of the mother may also have something to do with the difference 
between our results and his, because Smith s study was limited to primiparas 
Moreover, we made only a single follow-up titration, and we may therefore have 
overlooked cases in which a rise in titer occurred before or after the day on which 
the test was made 


Table x. — Ccmpariion of hoap^lutimn Tittn cf Preffiant Woren at Term u:th Iioa^lutinw Titm 0/ 'tiormc.l 

Uialt Donors 


Scrum Titers 

Normal Pregnant Uoraen at Term* 

Normal ^falc Donorsf 

Number of Group 0 
and Group B Scrums 
with Indicated Tiler 
for Ai Cells 

Number of Group 0 
and Group A Scrums 
with Indicated Tiler 
for B Cells 

Number of Group 0 
and Group B Serums 
with Indicated Titer 
for A Cells 

Number of Group 0 
and Group A Scrums 
with Indicated Titer 

1 for B cells 

1 

6 

1 

S 

4 

2 

10 

3 

11 

13 

4 

36 

37 

11 

28 

8 

27 

44 

12 

39 

IG 

19 

30 

16 

25 

32 

8 1 

16 

12 

22 


2 

5 

4 

4 

128 

0 

1 

1 

1 

Totals 

108 

137 

72 

136 


• Present study 
t From V^jcncr and Moloney 


Table 3 — Kist m Mattmal Isoa^luttmn T/ter Ajtir Dtlnery m Patients Without Toxemia 




Rise m Isoagglutinin Titers 


1 

1 


None or 
Less than 
2 Tubes 

1 

2' 

1 

2» 

2« 

2> 

1 

2‘ 

j 

1 

1 

2^ 

Totals 

Baby s red cells compatible with maternal serum 

127* 

2 

0 

0 

0 ' 

0 

0 

129 

Bab> s red cells incompatible with maternal scrum 

29 1 

1 


0 


0 

1 

1 

1 

1 

1 

37 


Includes 4 cases m which titer dropped 2 tubes 


As Smith pointed out, a rise in isoagglutinin titer could be caused by the passage 
of soluble group substances from the fetus across the placenta into the maternal 
circulation In support of this idea are the following observations i The intra- 
muscular injection of small amounts of secretions containing group substances, 
e g , as little as o z cc of autoclaved saliva, is sufficient to stimulate a marked rise 
in isoagglutinin titer ” z It is well known® that the amniotic fluid contains a high 
concentration of group substances in solution, hence it could be the source of the 
group substances stimulating the rise in the maternal isoagglutinin titer The fact 
that whenever there is a rise in isoagglutinin titer this occurs about a week or two 
after labor suggests another possible source of the antigens that stimulate the rise 
in titer It is possible that certain disturbances at the placental site occur during 
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Table 4 — Cases of Mothers tctth Toxemia 





1 









Titer ol Alatemal Serum for 



Case 

No 

Mother 

Child 

Aj Cells 

B CelU 

Diapnosii 

CTtmal 

riodm-j 




At 

1 \\\ 

At 

1 





Labor 

P P 

Labor 

P P 



1* 

OSINRh- 

OMNRh d" 

12 

32 

4 

16 

Precclompsla 

Edenu 

2* 

OMNRho 

OMNRhid’ 

16 

S 

8 

8 

Preecbmp$ia 

Edema 

3‘ 

ONRhiRh 

UiNKhiRhttf' 

2 

2 

2 

2 

Preedimpsla? 

H>’pettet»»Mi 

4* 

OMRhi 

OMRhi? 


12 


8 

Preeclampsia 

Edema hyper 








»e>cre 

teajwD 

5*t 

OMRhi 

OilNRho? 

24 

12 

16 

24 

EcUrapsia 

Convmbions hj 









perteaswo al 
bom in am 


OMNRhj 

OMNRhi 

4 

4 

24 

16 

Preeclarapsia 

Edema hyper 









tenstoQ alba 









mmaru 

7* 

0’\INRhiHr+ 

OMNRhiHr- 

2 

6 

4 

6 

Eclampsia 


S 

OMNRh' 

OMRh'g 

16 

16 

32 

32 

Preeclampsa 

Hj-pertciuiaD 









album loom 

sn 

ONRhi 

OMNRhid" 

6 

4 

2 

2 

Preecbmpsb 

Hy-perteiuioo 


1 







album loom 
headache 

ion 

OXINRhi 

d" 

8 

16 

8 

12 

Preeclampsia 

1 Edema hrper 








Premature sep* 

tenwQ 








anitiOD of 
placenta 


11* 

AiMNRhi 

AiitNRhi<^ 



2 

2 

Toxemia 


12* 

AiMNRhi 

AiMNRhid" 



4 

8 

Preeclampsia 

HiTWictiJWtt 









albamiBom 

13*t 

AiAIRhi 

AMRhj? 



6 

16 

Preeclampsia 

Edmi hn<f 









tern ton 

14* 

Ai\DsRhiHr* 

AiMNRhiHr*<f 



8 

12 

Preeclampsia 

11) pert eta WJ 









album laoTU 

IS* 

AiAINRhiHr+ 

AhINRhiHr+d> 



6 

8 

Preeclampsia 

Edmu bjptr 









teniicm albc 









miooru 

io*t 

Al^Rhl 

d' 



4 

4 

Preecbmpsia 

HypertetiiiM 

Ai jMVRhiHr- 



1 


so 

severe 

albummam 

Edema bypo 

1/ 

18 

AiAlRh- 

OMRh^g 



16 

16 

Preecbmpsia 









tens ton 

19* 

AiNRhi 

O^L\Rh|H^-(^' 



6 

6 

Eclampsia , 

Convuhioc by 







toxemia 

pertennoo al 
buminuro 


20*§ 

AiMNRhi 

OMNRhief 





Toxemia 

Edema hyr« 
temwB *1^ 

21* 

BNRh- 

OMNRhi 9 

4 

128 



Preeclampsia 









mbaru 

22 j 

BMNRh. 

OMNRhi9 

12 

16 



Eclampsia 

Convuhwoi 

edema 

23 

BiINRhiRhjHr+ 

OSIRhjHr+9 

8 

12 



Preecbmpsu 

HypertenJtoa 

gjbumuianJ 

24nt 

BKRh.Hr+ 

o' 

4 

2 



Preecbmpsia 

Edma 

aches 

25't 

AiBNRhiHr* 

AiBNRhiHr+d’ 





Preeclampsia 

Edema byp« 
tensjoo *1*^ 









mmuna 








Premature sep 


26* 

A:BMNRhiHr- 

rBMNRhtHr+9 ^ 





anitlon of 


1 





pbcenta 


2i* 

OVRhi 

Ai^INRhid' 

16 

384 

16 

96 

Toxemia^ 

Edrou 
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Table ^ — Conttrwed 





Titcr of Maternal Scrum for 



Case 

No 

Mother 

Child 

Ai Celll j 

B Cells j 

Diagnosis 

Clinical 

Findings 




At 

1 Rl: 

At 

1 lit 






Labor 

P P 

Labor 

p p 



28*t 

OilNRh 

fOMRh-cfll 

\AMRhi9il 

32 

16 

24 

24 



29. 

OiIRh,Hr+ 

AiMRh-Hr+9 

g 

■a 

1 ® 

12 

1 Precclampsia 

1 HjT>crtcnsion 

JO* 

OMNRh, 

BirVRhiRh 9 

2 


8 

! 512 

Precclampsu 

Edema h>per 









^ tension albu 









mmuna 

31*t 

OMRhi 

BMNRhi9 

24 


12 

192 

Prcec lamps la 

H>'pcrtcnsion 









albuminuria 

32n 

OirN’RhaHr+ 

BilNRhoHr-d" 

6 


4 

64 

Preeclampsia 

Edema h>T^r 









tension albu 
miDuru bead 
aches 

33*: 

0 ’\n\Rh!Hr+ 

BiINRhoHC-9 

12 


48 

256 

Precclampsia 

H>pcrtcnsion 









albuminuria 

U * 

OilRhiHr* 

BlXNRhiRhjHr+9 

8 


12 

192 

Precclampsia j 

H>’pertcnsion 









albummuijr 

35* 

OMMUviHr- 

BNRhiHC-9 

6 

6 

24 

24 

Preeclampsia 

H>'pcrtcn5ioo 









albummaru. 


P P — Post p^rtom 
• Primipan 
t Infant stillborn 
t Negro 

I Child 6 months old when first seen because of Mediterranean anemia ('familial cr>throblastic anemia) To^emi* 
occurred dunng a preceding prcgnancj 
*■ Twins male twin died 
h Twins 


labor and delivery, as a result of which villi may become detached and enter the 
maternal circulation In support of this idea, it may be mentioned that autopsies 
on pregnant women frequently show the presence of Langhans giant cells or 
chorionic villi in the lung bed The group substances in the tissues of the villi or 
the entrapped red cells could conceivably stimulate a rise in isoagglutinin titer in 
certain susceptible persons In this connection, we have found that the best time 
to bleed patients for anti-Rh serum is a fortnight after delivery 

M.otbcrs With Toxemia — In table 4 are listed the cases in which the mothers 
showed symptoms of toxemia, impending eclampsia or actual convulsions The 
number is not large, but definite cases of this type are not frequent in the aty of 
New York today 

The isoagglutinin titers of the mothers with toxemia at term did not differ 
significantly from those of the normal mothers 

In table 5 we have subdivided the cases of toxemic mothers into two groups 
(as in table 3 for normal mothers^, according to the compatibility or incompati- 
bility of the fetal red cells for the maternal serum While there was such incompati- 
bilit) in 37 of 166, or ri. 3 per cent, of the infants of normal mothers, it was noted 
m 9 of 31, or per cent, of the infants whose mothers had toxemia Thus, the 
incidence of incompatibility is slightly higher in the presence of toxemia than 
11 hen the mother is normal, but the difference is not statistically significant Evi- 
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dcntly, A-B incompatibilitj producing isoimmunization of the mother pli\sm 
role in producing toxemia or at most accounts for only a small pcrcentigc of th 
eases If an anugcn-antibody reaction is the explanation for the toxemia, soi 
other anugen than the agglutinogens A and B must be searched for 


Table 3 K/se tn Maternal hoaightmtn Ttter After Deltrrry m Vatteras Wttb 7$xnrtj 



Rise m Isoagglatmm Titers (Tabes) 


1 

i 


None or i 
Less than, 
2 Tubes 1 

2 

3 

4 

1 

5 

1 

' 1 

1 

Toll i 

Babj s red cells compatible with maternal serum 

i 

21 1 

0 

0 

0 

I 

1 

0 ; 

0 

U 

Babj '5 red cells incompatible with maternal serum 

3 

D 

1 


I 

1 

0 ' 

1 


Table 6 — Comparison of EJ> Farters tn Florrrul Mothers and Thttr Chtldrtn and tn Mstlm tntb Ttxprjj ri 

Thetr Children (Tests xcstb Antt-Fh^ Seram) 



1 Normal Alothers 

ilothers With Toxeniii 

Rh HenctioD of Mothers 

1 Infant 

Totals 1 

Infant 

ToUb 


1 Rh - 

Rh + 

No 

Per Cent 

1 Rh - 

Rh + 


PnCrl 

Neg 

1 u 

14* 

■i 

13 7 

' 3 

3 

6 

u 

Fot 

! 

142 


S6 3 

1 

1 25 

26 

ii s 

Totals 

27 1 

156 

i 

163 1 


4 

' U 

32 1 


Per,C<:nt 

»- j 

85 3 


100 0 

12 5 

1 S7 5 


IfOO 


• In 1 ease the mother had a \‘er 3 \rcak anti Rh* agglutinin but the infant was cImicaLl> normal {case tO uWt 1' 



* Includes 167 white and 36 Negro mothers 

t Test not done for Hi factor Bb, Rh ib4 

X All RhiRh and Rh' bloods tested for Hr were Hr*- as well as the bloods of 1^°-* 


Of the 9 pauents with toxemia who had infants belonging to i 

blood group, 6 were found to have a rise in isoagglutinin titer t e t“ 
one week after deliver} None of these patients had been treatc b) p a 
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fusion While the findings are suggestive, the senes is too short to permit any 
conclusions 

Tib Factor — In order to ascertain whether incompatibilitj with respect to the 
Rh factor pla} s any role in toxemia of pregnancj , our data ha\ e been anal) zed in 
table 6 from the point of view of the reactions of the maternal and infant blood 
with standard Rh serums It will be seen that there is no significant difference 
between the normal mothers and those with toxemia, so that the Rh factor either 
IS of no significance in toxemia or at most may account for onl) a ver) small 
percentage of cases 

Inheritance of the Rh Blood Tjpes and of the Hr Factor — Because of the small number 
of studies which have been made on theheredit) of the Rh blood types and of the 
Hr factor, additional data which throw light on the hereditary' mechanism are of 
interest For this reason, although this question is not related to the problem of 
toxemia, our findings on the Rh blood types and the Hr factor are summarized in 
table 7 

With regard to the heredity of Rh blood ty pes, under the six gene theory 
and disregarding the rare intermediate genes and genes Rh^ and Rhj, a ty pc RhjRhj 
mother cannot have a child of type Rho or Rh negative, and mothers who arc Rh 
negative or Rho cannot have children of type RhiRho No exception to this rule 
was encountered in our senes of patients 

With regard to the heredity of the Hr factor, the genetic theory of Race and 
Taylor*' implies that Hr-ncgative mothers cannot have children of type Rho, Rh" 
or Rho or Rh negative, while mothers of these four types cannot have Hr-ncgative 
children Again, no exception was encountered in our data 

SUMMARY AND CONCLUSIONS 

I The titers of the isoagglutinins anti-A and anti-B in pregnant women at term 
do not differ significantly from the isoagglutinin titers in normal male adult blood 
donors This indicates that pregnancy itself does not ordinarily stimulate a rise 
in isoagglutinin titer 

1 The frequency of incompatible blood groups in the infants of 31 mothers 
with toxemia of pregnancy was slightly higher (2.9 per cent) than that in a senes 
of 166 infants of mothers without toxemia (zi 3 per cent), but the difference was 
not statistically significant 

3 Of 37 normal mothers whose infants had blood groups incompatible with 
theirs, 9 were found to have a significant rise in isoagglutinin titer one week post 
partum An appreciable rise in isoagglutinin titer occurred under similar circum- 
stances in 6 of 9 mothers with toxemia The senes are too small to permit definite 
conclusions regarding the significance of this in relation to toxemia However, 
there appears to be no doubt that under certain circumstances parturition can stim- 
ulate a rise in the maternal isoagglutinin titer 

4 No correlation was found between the occurrence of Rh incompatibility and 
toxemia of pregnancy 

5 The data obtained furnish additional evidence to support the theory of 
Multiple allelic genes of heredity of the Rh blood types and also Race and Taylor s 
t Cory of inheritance of the Hr factor 
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HEMATOLOGIC EFFECTS OF SPLENECTOMY IN STILL-CHAUFFARD- 

FELTY SYNDROME 

A Report of Two Cases 
By John S Hirschboeck, M D 

T he interrelationships of the blood, the bone marrow and the spleen remain 
among the major problems in hematology Anemia, granulocytopenia and 
thrombocytopenia when present alone or occurring together are often associated 
with splenomegaly and a hyperplastic bone marrow This triad, with variations 
and certain complicating factors, has been known for many years and has been 
noted in such diverse disorders as chronic tuberculous splenomegalj , hepatic 
cirrhosis, chronic arthntis, as well as in chronic malaria, leishmaniasis and other 
conditions with splenomegaly Banti s syndrome, aplastic anemia, splenic 
anemia, Still s disease, Still-Chauffard s disease, Felty s syndrome, hypersplenism, 
hypoleukia splenica, myelosplenic syndrome, chronic agranulocytosis, and primary 
splenic neutropenia are some of the terras which have been more commonly used 
in describing these cases in the literature 
Confusion has been perpetuated by the lack of complete knowledge of the physi- 
ology and pathology of the spleen and its relationships to the bone marrow In 
general, two concepts of the pathogenesis of this pancytopcnic syndrome have 
arisen Most European clinicians have adhered to the theory that a hormonal re- 
lationship exists between the spleen and marrow According to this concept, 
a pathologically hypertrophied spleen produces a hormone which suppresses the 
maturation of blood cells in the marrow and their release to the blood This hor- 
mone IS thought to be produced by the reticulo-endothclial cells of the spleen and 
may act on all the cellular elements in the marrow at one time or be selective for 
the megakaryocytes, erythroid cells or granulocytes The normal physiological 
maturation and release of blood cells in the marrow is perhaps controlled by a hor- 
mone which is also elaborated in the spleen or rcticulo-cndothclial system This 
theory was apparently first publicized in igii by Isaac^ in his interesting descrip- 
tion of a case of splenic anemia and was further developed by Turk,^ Frank,’ 
Lauda, ^ Engelbrcth-Holm,’ Schousboe,® and Buchera ^ Naegeli* was one of its 
champions and used the term hypersplenism with great effect in his description 
of cases in which the syndrome appeared Dameshek® in this country has also 
used this term and has come out strongly for the hormonal concept of spleen-bone 
marrow relationships Most American hematologists on the other hand have fos- 
tered the phagocytic hypothesis, in which the anemia, leukopenia and throm- 
boc) topenia are thought to be due to the increased phagocytic activities of an en- 
larged spleen The rate of destruction of blood cells is thought to exceed the rate 
of formation in the marrow, and c}aopcnia of a pure or combined tj pc occurs 

From the Department of Medicine Marquette Unitersitj School of Medicine, and the Medical De- 
partment of Milwaukee G^untj Hospital Milwaukee, Wisconsin 
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Wiseman and Doan” submit histopathologic evidence of phagocytosis m the spleen 
in support of the theory They evidently accord little value to the concept of 
hormonal hypcrsplcnism ’ Doan and Wnght”- have recently reemphasized 
their views in an article on Splenic Panhcmatopenia 
The occurrence of hypersplenism in assoaation with chronic arthritis has 
been reported many times Singer and Levy” have carefully reviewed the literature 
which preceded Felty s report Splenectomy has been used therapcuticall) in 
several cases Steinberg” in his invesugauon of the literature found that the re- 
sults following splenectomy were not very satisfactory Qaven s ease” died 14 
months after operation and Hanarahan and IvlilJer s ease survived only 18 months ” 
Steinberg s patient became mentally depressed and weak following the splenec 
tomy but was alive at the time he wrote his paper Loeper, Andre and Patel” de 
scribed a case without Icukopema in which death from bronchopneumonia oc 
curred four weeks after splenectomy Dameshek s patient*” had a favorable hema 
tologic response in addmon to an increased resistance to infection Of the two 
cases herein reported, the first is of particular interest because the patient has 
survived splenectomy five years and has maintained a greatly improved state of 
health 


Cast No r C K a white mamed female age 35 was admitted to the Medical Service on Oct 7,1940, 
wuth a history of arthnas, weakness anemu and a weight loss of lo pounds dunng the preceding three 
jears She had been tvell until four years prior to her admission At that time she noted the rather abnipt 
onset of pain and stiffness in the joints of her hands and feet It became necessary for her to discontinue 
her work as an elcsator operator Flexion deformity of the hands soon followed, and pam and stiffness 
in the shoulders sertebral column elbows and knees appeared during the succeeding months The past 
history revealed chat two years pnor to admission she was observed at another hospital where a diag 
nosis of aplastic anemia was made Upper respiratory infections sinusitis, and stomaucis oaurrtd fit 
quencly during these jears and she stated that a fever of 100° and 101'' was present most of the time Just 
prior to her admission she was unable to get out of bed because of weakness and deformity The past 
history and family history were irrelevant 

P hj steal Examtnatttn The patient was a small, thin pale woman The weight was 41.5 kilo (93 lbs) 
temperature ioi°F , pulse 118 per minute The joints mcluding those of the vertebral column, showed 
limitation of motion most marked in both elbows Flexion deformities typical of the moderately advanced 
rheumatoid arthritic type wxrc present in the hands and feet The ankles were surrounded by soft tissue 
swcllmg She was completely unable to walk A chronic muco-punilent nasal discharge was present Th 
mouth was normal except for dental canes and hypcirerophic pharyngitis A loud systolic murmur was 
present o\cr the entire prccordium The Incr edge was palpable, smooth and non tender, and a large 
non tender spleen extended to the iliac crest and the mid-clasicular line No palpable lymph nodes were 
exudent The skin was normal A blood study on the day followmg admission lesealed R BC. J 75 
million Hb 9 5 Gm , W B C 850, mature polymorpbonuclcars o band forms 7 per cent, lymphocs^ 
62. percent monocs tesji per cent, hematoentyx percent MCV 86cu raiCTons, M.C Hb 15 } /T> 

Hb Cone X9 7 per cent platelets 130,000 (normal xyo oco to 450,000), reticulocytes 4 5 
stippled crythrocyres per 100 leukocytes, erythrocyte fragility test (Sanford) normal blec 
(Duke) yi minutes coagulation time 9} minutes, capillary ers thro-permiability test (Rumpc 
ncgaaxe clot retraction time normal A smear of marroxs aspirated from the sternum on Oct 9 
showed xcry extensive hjTperplasia of all mxcloid cells with croxxds of myelocytes and mctamyc ocr ^ 
and increased numbers of promyelocytes and myeloblasts The erychroid cells 
numerous A gastne analysis showed achlorhydna The ictems index was 96 and the an 
negative Roentgenograms of the long bones and xcrtebral bodies xx-crc normal, i e there 
of osteoporosis or joint destruction The urme was negauve and pyxlography was ^ 

cardiogram shoxved no abnormalities Two blood cultures xvere negative On Nox ^ 
puncture xvas performed A smear of the aspirated material revealed many lymphocytes a PP 
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increased number of rcticulo-cndothclial cells There v.2.s no c\ idcncc of phagoc} tosis m sc\ cral smears 
OnI> a few granoloc>tes were seen The culture was negative 

From Oct 4, 1940, to Jan 10, 1941, treatment consisted of blood transfusions, pentnucleotide, )ellow 
bone marrow, ferrous sulfate and liver extract There was no essential impiro\emcnt in the patient s 
condition The temperature \aricd between 99° and 103° F During December 1940, an attack of acute 
maxillary sinusitis occurred Splenectom) was finallj decided upon and performed on January 10, i 94 ^» 
without difficulty The spleen was about the size of a football and w cighed 1150 Gm When the hemostats 
were remo\cd from the pedicle, Mood gushed to a height of about four cm from the splenic \ein and the 
enlarged organ collapsed to about r\so thirds of its original size Epinephrine was not used during the 
course of the operation Smears made from the splenic pulp were essential!) the same as those made from 
the aspirated pulp obtained in November Histologic examination of the spleen re\ealcd a lattice work 
tj'pe of architecture with wideh separated malpighian corpuscles The capsule and trabeculae were thin 



Fio 1 Leukocyte akd Erythroctte Fluctuation in Case i 

The red pulp of the spleen showed cleft like spaces with widely dilated sinusoids containing cr) throc) tes 
and many l)raphoc)tcs Some of the sinusoids appeared to be plugged with large histiocytes The Bill- 
roth cords were prominent and eosinophilic but showed onl) a \cr) slight increase of connecti\c tissue 
Most of them were speckled with l)mphoc)tcs and histiocytes The usual follicles were quite large and 
widcl) separated from each other The hmphoid components of the peripheral portion of the follicles 
merged indistinct!) with the adjacent pulp Central arterioles were ^er) ecccntncall) placed Thcusual 
follicle had a \cr) prominent germinal center composed of large cells with abundant c\ toplasm Minute 
particles of chromatin debris and blood pigment were visible and an occasional plasma cell was seen 
There was no eMdence of phagoc) tosis b) hi5tioc)tes or other reticulo-cndothelial cells observed in the 
sections 

The patient 5 postoperatne course was uncAcntful except for a great increase in appeute She was dis- 
charged from the hospital on March 9 1941 able to walk haltingh without assistance During the six 
months following the splcncctom\ she gained 13 l kilo (19 lbs ) Ph)siotherap) greath increased the 
mobiht) of her joints, and b) the end of 1941 she was able again to do her housework During the last 
four \ cars she has been able to climb stairs and ride on a bus without assistance She docs her own wash 
ing and ironing The chronic sinusitis appears to ha\c compicteh disappeared 

On Dee 5, 1945 approximate!) five years later she weighed 54 3 kilo (115 lbs ) The blood scdi- 
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mentation rate at this nme was ix mm (Wmtrobe corrected) Exammanon of the blood rcrcaW R B t 
4 71 million Hb 13 5 Gm , M C V 95 7 cu microns, M C Hb iS 7 77 ,M C Hb Cone 3o[ercct 
W B C 8 300, mature polymorphonuclears 35 pc' cent band forms i.per cent eosinophilcs 3 prr ettt 
Ijmphocytcs 35 per cent, monot^-tes 15 per cent There were 80 crythiocvtcs with Houelljollv beJu 
per 100 Icukoc) tes Platelets were 176 000 per cn mm and rencnlocjtcs i 3 per cent. The arthntishii 
been reduced to a residual state of permanent flcnon deformity of both hands and feet with shjht limiu 
non of monoa m the left elbow A graphic synopsis of the blood studies is presented in Fig i \ di{ 
fcrcnnal anal) sis of sternal marrow cells before and after splenectomy is found m table i 


Table i — Differential Counts of Sternal Jtlarroir Smears (Case r) 

Splenectomy resulted in a relanve increase in more mature forms, a dimintmon in cells of tit 
cr) throid fracnon and a pronounced increase in lymphocs tes 



Before splenectomj 

1 mo after 
fpftnKlomj- 
2/11/41 

10 / 9/40 



c 

C~ 

® 1 

f 

Myeloblasts 

X 6 

I s 

0 s 

Prom) elocytes 

3 8 

Z Z 

- 4 

Ms eloc) tes 

x6 2. 

W 4 

10 8 

Metamycloc) tes, ncutrophihc 

^7 4 

10 0 

G 4 

Granulocytes ncutrophihc band 

8 6 j 

5 8 

11 s 

Granuloc) tes ncutrophihc segmented 



1 1 

Eosinophiles 

I 0 

I 6 

I s 

Basophrles 

0 X 


0 I 

Monoblasts 1 



I 0 

Monocytes 


I 1 

I 5 6 

Lymphocytes 

5 8 

7 4 

30 1 

Plasma cells 

0 6 

0 1 

3 8 

Proerythroblasts 

1 4 

1 1 

1 

0 1 

Basophihc normoblasts 

6 z 

li 4 

1 0 1 

Polychromatophihc normoblasts 

10 8 

13 8 

, I 0 

Orthochromanc normoblasts 

14 0 

13 0 

7 6 

Megakaryoc) tes 



0 1 

Histiocytes 


0 1 


Umdenafied blasts 




Cells in mitosis 

I 4 

0 8 

0 1 


Case No 2 E E, a white single female, age 49, was admitted to the Medical Service on Aog 

complammg of mabtlit) to care for herself She was a Chnsnan Saenast and svould mike no sti 

regarding pain Four years pnor to admission she began to notice stiffness m her knees an esin 

Two )cars later the fingers of both hands became snff and flexed so that she was unable to ^ 

occupaaon as an arnst Smee then she had gradually become bedridden and helpless and ssas 00 

the hospital for nursmg care rerssate 94'f- 

Pijsical Examination Weight 54 5 kilo (txolbs) temperature 99 6 pulse 80 b ^ „ oinur' 
The patient was unable to sit up svithout assistance Modcratels seserc flexion deformity ^ j, 

the extremiues was present The hands had the typical appearance of ads anced rheumatoi a ^ 

glosss smooth skin and aok-)losi5 A loud ssMolic murmur was heard oyer the 
spleen and livct edges syerc both palpated about 3 cm beloss the costal margin Th 8 
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and smooth The remainder of the examination was insignificant There wxre no enlarged I\mph nodes 
and the skin was not pigmented Examination of the blood shortl) after admission re\calcd \V B C 
950, segmented polymorphs i per cent, band forms 6 per cent, cosmophiles z per cent, basophilcs i per 
cent, lymphocytes 83 per cent, monocytes 7 per cent R B C 3 59 million, Hb 10 z^ Gm , hematocrit 
38 per cent, M C V 108 cu microns, M C Hb z^ yy, M C Hb Cone zj per cent There were 50 stip- 
pled erythrocytes per 100 lcukoc)tes There were i8i.,ooo platelets and the icterus index was 9 7 Free 
hydrochloric aad was present in the gastric secretion Blood culture was negatne Roentgenograms of 
the hands and knees rc\ealed almost complete loss of joint space as well as mild h)'pcrrrophic arthntis 
Osteoporosis was present in the bones of the ^vriscs, hands and \crtebral column The urine was normal 
Splenic puncture was not attempted because of the rclatiscl) small size of the palpable spleen Sternal 
marrow aspiration rc\calcd a slightl) hj'pcrplastic marrow with a left shift in both the mjcloid and 
crythroid cells (table z) A low grade fc\er of 99° to 101° was present almost dail> This patient, because 


Table z, — Dtgerenttal Count (joo Oils') of a Sterna! Marrou Smear before Splenectomy (Csse 2) 


Myeloblasts 

C-' 

/C 

0 0 

Promyclocj tes 

9 i 

Mjclocjtes, neutrophilic 

7 1 

Myelocytes, eosinophilic 

4 

Metamyelocytes, neutrophilic 

8 4 

Metamyelocytes, eosinophilic 

5 4 

Granulocytes, neutrophilic band 

5 ^ 

Granulocytes, neutrophilic segmented 

1 z 

Eosinophiles 

8 4 

Basophiles 


Monocy tes 

0 6 

Ly mphocy tes 

6 

Plasma cells 

3 8 

Proerythroblasts 

0 4 

Basophilic normoblasts 

3 

Poly chromatophilic normoblasts 

^3 6 

Orthochromanc normoblasts 

6 8 

Megakary ocy tes 

0 z 

Unidentified cells 

I z 


of her religion was for some time not interested in accepting treatment After a period of depression she 
became anxious to submit to an) t)pc of therap) A splenectomy was recommended with the under- 
standing that her ad\anccd arthntis might not be changed but that the blood picture might approach 
the normal 

On No\ 10 1941, splenectom) was performed Blood was taken from the splenic arteiy and splenic 
\ein before their ligation The spleen and two small accessory spleens were remoted The enlarged spleen 
was adherent in part to its bed A Ii\er biops) specimen was rcmo\cd Smears of splenic pulp were pre 
pared immcdiatel) They showed as man) as 8 to 10 nucleated cells per oil immersion field Approxi- 
matcU 90 per cent of these cells were l)mphoc)tcs Plasma cells cosmophiles and a few band and seg- 
mented granulootes were also present Platelets were always aggregated in groups of about lo to 80 
platelets Grils rcadil) idcnuficd as raonoc) res were occasional!) seen Man) of the rcticulo-endothchal 
cells were \cTy similar to monootes An occasional blast form with 3 to 5 nucleoli was obsciwed 
T) pical, large rcticulo-endothchal cells were present singl) and in groups of i. to 5 throughout the smears 
Thc\ accounted for less than half of i per cent of all the cells About half of the adult rcticulo-endothchal 
cells which were obsersed rcNcalcd c\idcncc of phagoctcosis and digestion of other cells The ingested 
cells were p\knotic and were undergoing I)sis as c\idcnccd bv weak and altered staining and loss of 
structural outline The remnants of ingested band and segmented granulocytes cnthroc)tcs platelets 
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and ]}Tnphocytes were seen Frequent!) the i) pc of jngested cell could not be determined and often at 
eral difFcrcnt cells t\cre found included in one teuculo^ndothclial cell Section of the splenic tu.c, 
revealed prominent follicles and fibrosis of the red pulp The trabeculae ivcrc thin and the Billroth cwJi 
thickened and acellular in many places The sinusoids tverc outlmcd clearlj m some areas but we ten- 
narrow and compressed in others Plasma cells and IjTnphocj-tcs were promment thtou^hoat ibe pulp 
The malpighian corpuscles \\ ere fHomment and had a sharp 1 ) mphoc) tic penpher) The gcmiinal centeti 
svcrc undul) large and actnx Many of the cells were ps knonc and mitosis svas seen The secuons shoa J 
no evidence of phagocytosis by reticulo-cndothclial cells The spleen weighed 51.5 Gm 

The patient had a storms postoperative course ishich was prcapitated on the fourth di\ b) 1 sudim 
hemorrhage from the inasion She had received loo mg of hepann dunng the da) because of the tinoi; 
platelet count The wound was slow in healing and on the twenty second day she dcicloped ascites md 
ankle edema The tcmperatnrc fluccuaccd between 100° and 101° On the thim seventh day it was nettv 
sary to perform an abdominal paracentesis, releasmg 7600 cc. of cloudy fluid The panent expired on lb 
next day The changes in the blood picture foUomog splenectomy ire tabulated in table 3 


Table 3 — Ciangts tn tie Blood following Sflinictomy (Can 2) 


Date 

^ B C 
(per cu 
mm ) 

Band 

forma 

^lature 

po^js 

Eoj. 

LiTiipb 

Mono 

Base 

Platelets 

(p« 

cajnm ) 

IIlJWCll 
JoU) t-xlia 

100 


% 

r» 

/O 

% 

% 

% 

% 

% 



11/7/41 

IIOO 

I 


8 

76 

16 

X 

111,000 

0 

11/10/41 (before removal of 










spleen Panent under 










general anesthesia) 

1500 

i8 

1 

L 

5S 

10 

0 

315,000 

6 

3 hours after splenectomy 

1800 

67 

10 

0 

24 

9 

0 

IlOyOOO 


ist post op day 

8400 

not 






165,000 

not ob- 



done 







served 

ind post-op day 

6500 

47 

32- 

1 

9 

10 

° 

475,000 

1 

3rd post-op day 

5500 

37 

49 

1. 

8 

4 

0 

385,000 

6 

4th post-op day 

4550 

18 

32- 

0 

16 

4 

0 

156,000 

3S 

5th post-op day 

3000 

x8 

45 

•L 

17 

8 

0 

414,000 

10 




An autopsy was performed and the following peranent findmgs reported There were contracnites 0 
the thighs and legs and both legs were edematous One and a half liters of thick, cloudy fibnno-pomlent 
fluid were found in the abdominal cat ity Heavy fibrinous adhesions iverc present between the hw w 
the diaphragm and between the transicrsc colon and the abdominal svall The esophagus was 1 ic 
and contained large dilated tortuous vessels Both lungs were attached to the thoraac wall b) 0 
fibrous adhesions The tracheo-bronchial 1 ) mph nodes sverc enlarged, fused deeply pigmcntd an so t. 
The heart was normal except for slight atheromatosis in the proximal portion of the ascen 
The liver weighed 1030 Gm Its surface was slightly granular, and when cut, the lobules wem seen i ^ 
surrounded by small white depressions Microscopic examination of the User ussue obtame ^ 

splenectomy and at autopsy revealed marked fatty degeneration m the peripheral portions t c 
and hyperplasia of the pen portal connectisc tissue wnth lymphocytic eosinophilic 
infiltrauon in these areas The bile canalicuh were dilated The greatly thickened gallb a 
tended and contained three mixed cholesterol calculi, each about li cennmeters in diameter 
vein was completeh thrombosed at its point of entrance into the liver Purulent degencratiw 
in the center of the thrombus w hich is as firmly adherent to the linmg of the vein Throm 'J* 
ent in all the intrahepa tic branches of the portal vein w hich could be seen The splenic vein 
completely thrombosed, and the mesenrenc veins supplying the large and the distal 
intestine were almost completely thrombosed The stomach, intestine, ki cy, a 
organs and ly mph nodes sverc essentially normal Microscopic eiaminaoon of an abdo 
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repealed indisnnct germinal centers composed of small, deeplj stained Ipmphocvtcs Sinusoids dis- 
tended with erythrocytes, Ij-mphootes and some plasma cells •were present 

DISCUSSION 

It IS quite evident that splenectomy was followed b) an increase of the granulo- 
cytes in the peripheral blood in both cases Xhis occurred almost immediatclj in 
case i but more gradually in case i Both patients presented monoc) tosis before 
and after splenectomy Post-splenectomy thromboc} tosis was present in each, 
and case i was characterized by a gradual and complete recover) from the anemia 
If the enlarged spleen were phagocytizing cells from the blood stream one 
would expect a difference in cell counts between blood in the splemc arterj and 
that in the splenic vein Passage through the spleen should perceptibl) change 


Table 4 — Camf orison btSicten Blood from tbt Spltntc Artery ond Splenic Vein (Cose 2) 
The blood was obtained iramediatelj before the spleen was erased 



Splenic artco 

Splenic \cin 

R.B C. (milhonsi 

4 ^-9 

4 tz 

Hemoglobin (grams) 

13 0 

13 0 

Hematoent (%) 

38 

43 

M.CV 0 i») 

go 

104 

M.C Hb Cry) 

3 ° 

31 

M C Hb Cone. (%') 


30 

WBC 

I I , 700 

z,6oa 

Myelocytes (%) 

I 

0 

Metamyeloc) tes, neutrophilic (%) 

1 

0 

Granulocytes neutrophihc band (%) 

9 

8 

Granulocytes neutrophihc segmented (%) 

1 i 

3 

Eosinophiles (%) 

6 

0 

Basophiles (%) 

0 

0 

Monocytes (%) 

8 

H 

Lymphocytes (%) 

71 

74 

Plasma cells (%") 

3 

I 


the character of the blood In case i, blood was taken from the splemc artery and 
the splenic vein just prior to their ligation before excision of the spleen The 
leukocyte count in the splenic arterial blood was 11,700, while the count in the 
splenic venous blood was similar to what had been observed in the peripheral 
blood prior to the splenectomy, namely 2.,6oo per cu mm Examination of the 
blood smears verified the difference in the concentration of the leukocytes Doan 
has recently reported a similar observation '* Table 4 expresses a comparison be- 
tween the splenic arterial and venous blood Examination of the differential 
counts reveals similarity except for a greater left shift and eosinophilia in the ar- 
terial blood and a higher percentage of monocytes m the venous blood If leu- 
koc) tic phagocytosis occurs in the spleen it would be expected, on the basis of 
this observation, that it would affect evenly all cell with a slight preference 

for the ) oungcr cells The evidence in this case, that more leukocytes enter than 
lease the spleen, tends to favor the phagoc)tic rather than the hormonal theorj^ 
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The adherents of the hormonal thcor>^ base their belief on several observations, 
of which the most important is the apparent immatunty and maturanon arrest 
which IS seen in marrow smears The great numbers of crythroblasts and m\clo- 
cyac cells and, at umes, megakaryocytes which arc seen crowded in the smears and 
the paucity of mature or even rclaavcl> mature cells lead the observer to a con 
elusion that maturation arrest is present If mature cells are present in the marrow 
and dimimshcd in the blood it is concluded that there is fault) emission of cells 
from the marrow Histological evidence of cellular phagoq tosis in the 
spleen is seldom sufficient to explain the hyperplasia in the marrou A 
more convincing argument depends upon the observation that after splenec 
tomy the number of blood cells rises slowly over a period of da)s and some 
times weeks, according to a pattern of escape from maturation arrest If the spleen 
were merely phagocytizing, one would expect a very abrupt inacasc in cells in 
the blood after splenectomy Then, too, the phagocytic theoq fails to explain 
the presence of old segmented granulocytes and the absence of metam) eloc) tes 
and myelocytes when peripheral leukopenia is present The opposite would be ex 
peered It IS difficult to believe that, with a leukocyte count of 850 in the presence 
of a very hyperplastic marrow, metamyelocytes would be absent from the pe 
npheral blood if the spleen were removing great numbers of leukocytes A marrow 
thus strained to the hmit of its producave capaaq would pour immature cells 
into the blood in great profusion and one would expect them to predominate m 
the blood residue 


The experiments of Bock and Frenzel*' and of jombres’® may eventuall) help 
explain the phenomenon The former invesugators ligated the splenic vein and 
the gastric coronary veins in rabbits in such a way that the venous outflow from 
the spleen passed into the esophageal veins and the superior vena cava b) w'a) of 
the left gastro-epiploic vein and a collateral circulation in the stomach This 
double ligation prevented blood whidi left the spleen from passing through the 
liver The rabbits developed the hypersplemc syndrome Jombres performed 
essentially the same experiment and observed that the femoral marrow became 
hyperplastic several weeks after ligation It is possible that an essential factor in 
the mechanism of h}'pxrrsplcnism is a retardation of blood flow through the 
spleen Bock and Frenzel and Jombres adhere strictly to the hormonal theoi) 0 
h)'persplenic suppression of the marrow and propose that the liver enters into the 
hormonal mechamsm inasmuch as their ligauons efiTcctivcl) prevent splenic s cnous 


blood from passing through the liver 

The answer to the problem of h)’persplcnism ma) eventuall) be found m a 
combinauon of the hormonal and phagoc) tic theories The evidence now as ai a e 
supports, in part, both sides Thus h)q)ersplenism may well have a compet 


origin 


SUXIMARX AND CONCLUSION 

Two cases of Still-Chaufi'ard-Felty S)ndrome treated b) spicnectora) arc pre 
sented One case has survived five )cars with complete hematologic 
and definite improvement in the arthritis The second case expired six wee s a 
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Splenectomy Autopsy revealed portal vein thrombosis (pylephlebitis) Both 
cases exhibited the blood manifestations associated with hypersplcnism 
In both cases splenectomy resulted in a return of the peripheral blood picture to 
relative normality 
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EDITORIAL 


The Treatment of PoLTCTTHE^^A 


T he treatment of polyc} thcmia Las passed through several successive sUfi 
since Osier first used benzol to reduce the excessive blood cell formitir 
Phenylhydrazine, a hemol}^^ poison, was introduced b} Morawitz following i^ 
expenmental use by J H Pratt Although this nets drug achieved wide populintr 
Its unpredictable nature and the severe hemol} uc crises which often ensued nu' 
Its use relativel} hazardous In some instances transfusions actuall} beam* n 
sar)" — a rather embarrassing situation Other deleterious effects verc on the att 
lauon, the kidne} s, and the liver What is more, all the elements including i c 
for enhancing further red cell formation, were retained within the bod) For tfc-' 
reasons, the s) stematic use of multiple venesections to reduce the red cell mass i_^ 
blood volume and induce a state of iron defiaenc) seemed far more phssiolo i 
In our own experience, the Temoval of 500 cc of blood nvice weeil) for nvo r 
five weeks — depending upon the iniaal hematocrit and hemoglobin levels— hii 
proved a satisfactor) method To maintain somewhat longer the resulnng su» 
of iron deficient:} , it has been our pracnce to keep the panent on a diet low 1. 
iron Red cell formation under these circumstances is onl} parnall) reduced, t" 
hemoglobin and hematocrit levels remain low for periods of six to eightr 
months, dunng which umc the panent ma} be completel} as}Tiiptomatic Re 
cell levels during this induced remission graduall} nse, so that the red cell co'c 
as an index of therap} is of little i alue The best index is the hematoent vale 
although the hemoglobin concentranon alone ma) be used since this correlate: 
fairl} closely with the hematoent level With this method of thcrap), patiTit 
go along for man) years with ver} little more difficult} than do others in theoL' 
age group in which polyc} thcmia occurs 

The use of x-ra} thcrap}’’ has in our hands proved ineffective, cither b} hean dos 
age to localized areas or b} spra} or gcnerahzed thcrap} We have furthenner 
hesitated to use high voltage \-ra} in these csscntiall} normal individuals b cau^ 
of the possible dangers of radiaaon malignanc} or leukemia The more rc ett 
introducuon of radio-phosphorus, as discussed b} Erf in this issue, makes theraf" 
a good deal easier and is ordinaril} producuve of an excellent remission Here to 
we have hesitated to use a potcntiall} dangerous radioactive material m an ir 
vidual with a relativel} long life span One naturall} wonders whether t 
leukemic states which have occurred in some cases arc due to the drug or 
mated with the piol} C} thcmia The data at present arc insufficient to perniit s 
tical anal} sis of this point The results of careful follow -up studies in cases tre 
with wuH be awaited with interest p 


William Damehek, 
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HEMOGLOBINEMIA AND HEMOGLOBINURIA 

JOSEPH F ROSS, M D 

Hemcxjlobin PnEapiTATioN IN Renal Tubules A Stody of Its Causes avd Efeects YutU, C L , Gold 
M A and Hindi EG] E'spcr Med Sz. 361-74 1945 

Yuilc and his collaborators report a continuation of their well conccised and carefull) controlled 
studies of the mechanism of hemoglobin ctcrction and us effects on the kidncj Thej point out that in 
their expenence injecuons of large amounts of punffed soluuons of hemoglobin do not produce hemo- 
globin casts or tubular blockage m normal rabbits regardless of sshether the urine is acid or alkaline, an 
observation confirmed by several other investigators 

Honever injection of hemoglobin solutions into rabbits with pre-existing tubular damage (produced 
bj clamping the renal arterj for a penod of 15 to 15 minutes or b> injecting sodium tertrate solution) 
resulted in definite impairment of kidne) function In rabbits with alkaline nnne this renal djsfunction 
was transient and did not result in death In animals with acid urine exTreme renal failure uremia, and 
death occurred Hemoglobin casts were few in number and soon disappeared from the tubules m the ani- 
mals with alkaline urine but were numerous persistent and indicative of tubular blockage in the 
acidunc rabbits 

It was of interest that in insunces of extreme pte-exisnng tubular damage Cpr°^aced b) sodium 
tanrate) hemoglobin casts were not found even in animals with sen acid urine In such instances hemo- 
globin probablp was not excreted b) the kidney and thus did not enter the tubular lumina 

The authors conclude that the ultimate outcome m an) given instance of hemoglobinuria is de- 
pendent upon a fine balance between the degree of renal injurj and the level of hemoglobinuria, as svell 
as upon the pH of the urine 


Renal Dasiage from Ferrohesie PiostENrs Myoglobin, Hemoglobin, Hematin Carearan A C , and 
Pa^i, I H Texas Reports on Biol A Med } 5x8-44, 1945 

In an attempt to cluciLte the etiolog) of the renal failure occurring in cases of crush injurv and trans- 
fusion reacnon insestigations ssere made of renal function follosviog injections of myoglobin metravo 
globin hemoglobin and hematin into acidoric dogs Renal function was esaluated from studies of the 
clearances of diodrast and inulin and of the tubular secretory capacit) for diodrast Unfortunately the 
hemoglobin solutions u^d were sirapl) solutions of lysed dog red blood cells and undoubtedly conuincd 
(wssible toxic substances other than hemoglobin Solutions of purified pigments would have been more 
desirable Control studies on dogs ^\lch alkaline urine arc not reported 

Renal function was impaired in all experiments regardless of whether hemoglobin myoglobin or 
metmioglobin was injected and consisted in an immediate decrease in the tubular secretory capacity 
ollowed b\ a reduction in the renal plasma flow and m the glomerular filtrauon rate Impaired function 
in some instances was greater 48 hours after the injection than during the period of myoglobinuria and 
pemsted in mild degree for the two week period of the studs The renal injury was not severe enough to 
produce urcniia or death and anatomical studies arc not reported 

Hematin was extremely toxic when injected mtrasenously and produced death from shock svhen 
giwm in a dose of ji 6 mg per Kg It apparently produced intense efferent arteriolar vasoconstriction in 
t c 1 nev glomerular damage and a marked decrease in renal plasma flow and tubular secretion Uremia 
developed in an animal which received the injection of a smaller dose 

The authors attribute the renal injurv to CO obstruction of the tubules by pigment (although they 
did not demonsuate such obstruction) (x) ingestion of the pigment by tubular cells with resulting 
impairment 0 tubular secreton activun (no evidence was presented that ingestion of pigment interferes 
wnth tubular function) and (3) cv totoxic distal tubular aenv itv of intratubularly liberated hematin 
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BLOOD SUBSTITUTES 

EUGENE L LOZNER Commander, MC(S) USNR 

The Use OF A Modihed Globin from HoMAnERTTHRocrrESiN HYPopROTEiNEjnAs J'Mnj M \i 
Blake, A D , Ketder H C , andChornock, F W Am J M Sc jii 51-61 15^6 
This represents a follow up on the prelimmarj repon previousl) abstnned (Blood 1 85 juj.-, 
1946) by Strumia and associates, on the intravenous administration of a preparation of globm Lnt 
man erythrocytes In the present paper seven pauents with \ anous t) pK of h)-poprotcincmii! Kivht: 
treated iMth glohin intravenousl) It is apparent that globin is a useful subsntute for plismi ci d 1 
regard This statement derives chiefly from the fact that globm does not seem to be cicrei^ rapJIniH 
the case with protein h)drol} sates ammo acids or degraded gelaon Howeter, nitrogen hihnci ' 
plasma protein studies of much longer duration are required before it can be stated nnequivoullt tb 
globm IS well uulized for the sjnthesis of bod) protein The mere existence of a positiic nitrogen h' 
ance when an intravenous protein is being administered 1$ not sufficient evidence to proie ibis [vc 
It indicates onl) that the protein is not rapidly excreted The concepts of the meaning of 1 nitne: 
balance, that date from the day s when mgestion was the only source of nitrogen mil now hive to b 
rev iscd with the introduction of nitrogenous material intravenously As w as stated ptcvioiisly, Stranu 1 
work IS quite promising because human erythrocytes arc a much richer protem source than plismii-' 
arc at present discarded in large amounts Consequently the preparanon of any useful thcrapcuucir' 
from this source would indeed be praiseworthy 

Cheshcai. CuNiCAi, AND Immonolooical Studies on the Products of Human Plasma Frachov itiov 
XXX The Use of Salt Poor Concentrated Human Serum Albusun SournoN m tee Tieitvi'T 
OF Chronic Brioht s Disease Them, G W Armstnni S H , Jr , Dickerjtn, V C WteJrtff, L '1 
and Taller, F H L ] Clin Investigauon 24. 8oi-x8, 1945 

Thom and his associates report on the treatment of sev cn patients in vanous suges of chronic ntphnni 
with salt poor human serum albumin at a dosage of 50 grams a dav for vaning periods Signifiontili 
resis was achieved only in those patients with ncphtotic anasarca This diuresis was stitcdbi Tbmii 
assoaates to be unlike that pireviouslv recorded as following the administration of swum pliiw' 
acacia and unlike the spontaneous diuresis of the nephrotic state The latter two diureses pusiitl’"! 
after the picnod of therapy With albumin on the other hand the diuresis was stated to procetJ »' > 
constant rate during the penod of administration and to stop at the end of it Careful scrutmT 0/ li- 
seven piaticnts presented by Thom rev eals that only tw o of them had anasarca and in these two on t^ 
occasion the diuresis piersistcd for at least several days after the albumm was discontinued and uH^ 
other the diuresis stoppied during the administrauon of albumin It is evident therefore that more 
arc needed before it can be sausfactonly concluded that the diuresis following albumin pr ' ’ 
constant rate during the period of administration only and stopis at the end of it Thom and asviJit.^ 
piomt out that albumin administration in the pircscncc of severe hypertension and nitrogen tettnuon^^ 
the absence of edema appears contraindicated owing to the danger of overloadmg the 
system They also pwint out their studv docs not mdicatc that the diuresis, when induced b a a 
results m any change in the natural history of the disease process No deleterious changes in ten ^ 
tion as a result of the large doses of albumin were observed It is obv lous that much mote wot 1 ^ 

to decide whether the bencfiaal effects produced by human albumin in nepbronc anasara are 
enough to justify the cost of 50 grams a day over long picnods of time 

HEMOSTASIS AND THE HEMORRHAGIC DISEASES 

L M TOCANTINS, M D 

Nou\veixes Etudes sur l Hemophile R6le des Albusiines Plasmatiques dans la Foa i 

Throsibine Fe/ssljr R Hclvct med acta ii 177-88 1944 i, Th a!’-=^ 

The author studied the role of hemophilic plasma albumm in the formation of thtom in^^ — 
and other plasma fractions were obtained from platelet free plasma by pireapntations wi 
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sulfate, acidification svith dilute sulfuric acid, followed b} dial} sis The albumin fraction isolated from 
normal plasma added to a solution of normal globulin does not exert an} dela}ing effect on the speed of 
thrombm formation The albumin fraction isolated from hemophilic plasma added to a solution of nor- 
mal globulin dcla}s bi seteral hours the time of the appearance of thrombin This inhibiting propert}- 
of the albumin fraction is dcstro}cd b} heat (67° C ) is manifested before the formation of thrombin but 
has no effect on thrombin after it is formed 

In Mew of the above findings the author has modified his pretious stand (HeKet med acta S 82.3, 
1941} that in hemophilia the fundamental defect is a deficicnc} of the activator of prothrombin contained 
in the viscous protein fraction of the plasma associated with the globulins The stabilit} of hemo- 
philic plasma is now attributed b} the author to a neutralization of the clot accelerating globulins b} 
mhibitors in the albumin fraction The inhibiting effect of albumin mav be overcome b} the prothrombin 
fraction of the plasma, but not b} the fraction containing onl} the prothrombin activator These last 
observations ma} also be mterpreted as showing that, though in the presence of enough prothrombin, 
clotting will eventuall} take place in spite of the albumin inhibitor the clot accelerating effect of pro- 
thrombin free plasma thromboplastin is reduced or overcome bv hemophilic plasma albumins 

Stabimte de la Prothrombine dans le Sang Conserve Lavergnt^ G H , artti Lattr^nt Pswdessault^ B 

Compt rend Soc de biol 445-46, 1941 

The authors have attempted to account for the striking lack of agreement between prothrombin 
dcterminaaons by the one-stage and two-stage methods when earned out on aged cittated Ct>r oxalated) 
plasma Whereas by the one stage method 14 hour old plasma kept at 0° C will show a diminution of 
prothrombin of about 50 per cent, no significant decrease is observed in eight da}S, under the same condi- 
tions when prothrombin is estimated by the two-stage method One important difference between the 
two technics is that in the two-stage method a purified fibrinogen solution is used, while in the one 
sugc method the fibrinogen of the aged plasma itself is emplo}ed The disagreement between the two 
technics seems due to the fact that m aged plasma, denaturing of fibrinogen is rapid and this affects its 
rate of transformation to fibrin by thrombm The authors conclude that (a) the one stage method should 
be used onl} in fresh plasma, (b) it is not suiuble for measuring prothrombin of aged plasma because the 
denatured fibrinogen falsifies the result (mdeed, a naturall} resistant fibrinogen ma} produce the same 
effect) (c) prothrombin is stable in citrated blood for eight da}s at 0° C and such blood is as suitable for 
transfusions as fresh blood in so far as prothrombin is concerned 

The authors demonstration that fibrinogen was the deficient factor was brought about b} mixing 
prothrombin free Al(OH)j adsorbed plasma wnth aged plasma Such mixtures lead to a normal prothrom 
bin time (fallow mg for the factor of dilution) b} the one stage method The explanation seems to be that 
normal reacting fibrinogen is supplied b} the prothrombin free adsorbed plasma, while prothrombin as 
such IS supplied in normal amounts b} the aged plasma Variations m the conversion rate of fibrinogen 
seem therefore like variations in the prothrombin conversion rate to contribute to the lack of agree- 
ment occasional!} observed between results obtained b} the two methods Other implications of these 
experiments arc apparent According to Quick the loss of prothrombin activity in aged plasma is due to 
destruction of component A of the prothrombin complex while in Al^OH)^ and dicoumarinized 
plasmas component B is absent If the observations of the French workers are confirmed the} would 
tend to indicate that component A is simpl} fibrinogen undenatured b} standing 

HEMATOPOIETIC TISSUES 

O P JONES, Ph D 

The Midbodies in Human Erythroblasts Schwarz^ E Anat Rec 72 363—70 1945 

During an inv estigation of the div isional capacit} of matunng human erv throblasts it w as found that 
preparations stained for centrosomes and ccntriolcs were also suitable for demonstrating midbodies The 
present paper reports observations made on dividing megaloblasts in two marrows obtained from perm 
anus anemia patients during relapse Midbodies first make their appearance in late anaphase before the 
nrst signs of cellular constnction but in the path of the future divisional furrow Thev are however 
linalK excluded from the daughter cells which is evidence opposmg the view that the} are related to 
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ccntriolc forauuoa These studies show that megaloblasts do not differ from other animal cells suti r 
spect to their nudbodj formation This is of great interest, since megaloblasts are abnormal m kr-il 
other respects 


A Quantitative Studs of Tissue Fluid — Lymph Cellulae Ratios Alltn, L Anat Rec j_ .7j-« 

1945 

Bj stud) mg the cellular content of tissue fluid (peritoneal) and peripheral 1 ) mph from the diaphtic 
maac plexus scscral problems pertammg to the l)mphoc)te base been attacLcd It wai (mnJ 
that there arc approximate!) five tunes as man) lculvOC)tcs in tissue fluid as in lymph This mas te 
due to the fact that the ^-mphocyte is the most common cell in tissue fluid The evidence presented indi- 
cates that motile and nonmotile bodies hate the same absorpnse ranos, ishich supports the authors 
contention that the mechanics of lymphatic absorpuon is intercellular rather than intracellular 
pensions of marrosv cells pass through the endothelium m about the same propornon to their concen 
tranon Assuming that the propcrucs of l)mphatic endothelium and the renculo-endotheliura arc idcn 
Deal in all respects the author suggests that these experiments offer a uniform theot) for the dclncn of 
blood cells to the circulauon However it should be pointed out that most histologic and hematologic 
e\ idcnce has not supported this view 


Fragmentation of Amphibian Erythrocytes in the Ultracentrifuoe Beams, H IF , rfuff Ring, R f- 

J Morphol 77 63-69 1945 

The ulDacenmfuganon of rat cry throcy tes demonstrated that they contam three substances diffcnnj 
in speciffc gravity and perhaps phy sicochemically (Beams and Hines Anat Rec 155, 1944) lu ih 
present paper, similar experiments have been made with Nccturus and frog cry throcy tes When ultti 
centrifugal forces from 10,000 to 400 cxxi times gra\ ity were employed for periods of from 5 to 30 minut s 
the amphibian en throcy tes demonstrated a remarkable degree of clasaaty by returning from a distorted 
shape to a normal one Hemoly sis did not occur when eryuhrocy tes were fragmented indicating that the 
cells hate more structure than a fluid bladder Fragments of amphibian en throcy tes tended to round up 
instead of retummg to or mamtainmg a flattened shape This seems to mdicate that ultracentrifugition 
alters their y iscosity and membrane properties UlDaccnmfuganon of amphibian ery throcy tes produced a 
sDatificaaon not unlike that reported for the mammalian corpuscle 


The Function of Leucocytes in the Growth and Regression of the Egg op Tritueus ViamtscE-Y 
Lsibman, E Am J Anat 77 173-91, 1945 

Functions of the scicral leukocy tes have been determined from time to time by subjecting them 10 
various expenmental conditions The present article is unique m that it was possible to srods thtr 
different leukocytes while the\ partiapated in more or less related phenomena — thegronth and 
Sion of amphibian eggs Lymphocytes vs ere attracted to the healths egg, engulfed and finally a sum au 
Hence, Umphocytes add to the subsunce of the growing egg and m this respect act as trcphocuD 
Neuuophils ins ade the egg shortly after it shows the first signs of degeneraDon and break up the so 

into fragments After phagocs Dzing much of this material the neutrophils undergo a neaosis an 

die The remaining traces of the corpus atrencum arc removed bv follicle cells and maaophages ftra 
formed lymphocytes) Eosinophils were the only leukocyte found m the small yolkicss atretic ^ 
The distinct and deeply eosinophilic speafic granules of these cells coalesce into a homogeneous nu^ 
after they have invaded the egg This homogeneous material is finallv liberated mto the cy top asm 
aids in the foriiianon of channels These studies indicate that the catabolic actisines of the neuu f 
and eosinophil are quite dissimilar 


Functional Alterations in Lymphoid Tissue Induced by Adrenal Giedcal Secretion 

T F ,anJ White, /4 Am J Anat 77 81-106 1945 jntiboii 1 

In recent years the work of the Tale group and others concerning the cellular source o ^ 

has attracted considerable attention (JAMA 12S ixya [Aug lj] 1945) Thu pre^' 
result of an extension of these studies to the field of hormonal conuo! of the release o 
from lymphoc) tes Adrenotrophic hormone adrenal cortical cxuact, compounds E an 
desoxycotTicostcrone acetate prolactm and human serum gamma globulin were a minis 
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of nonnil and adrcnalcctomizcd mice and normal rabbits Marked changes s\xre obsers ed in the 1 ) mphoid 
tissue of these animals as carh as one hour following the injection of a single dose of adrenotrophic 
hormone or adrenal cortical extracts Histological changes were disided into three rspes degeneratue 
changes, repair changes and recoserj changes These histological alterations were correlated with certain 
ph) siological roles of the I) mphoc) tes E\ idence is presented w hich indicates that the action of adreno- 
trophic hormone on lymphoid tissue is mediated by the adrenal cortex Since seseral unrelated stimuli 
mas increase pituitary adrenal cortical secretion, these probably account for the so-called accidental 
in\ olution of lymphoid tissue The mechanism by which lymphocytes contribute scrum gamma globu- 
lin to the blood in normal animals and antibody protein in immunized animals is a dissolution of lym- 
phoid tissue 

Lysiphatic Tiesoe and Regressive Structcre, with Particular Reference to Degeneration of 

Glands Yjnf,sb$iry, B F Am J Anat 77 159-187, 1945 

The presence of lymphatic tissue and accumulations of lymphocytes in the major sain ary glands has 
been recognized for a long time However little or no attention has been given to similar structures 
witlun the minor sain ary glands The present paper deals with a study of 33 senes of the larynx of the 
car These were fixed m Boom s fluid Zenker s fluid, Hclly s or Maximow s Zenker formol and stained 
with either hematoxylin and cosin Mallory s connective tissue stain or methylene azure phloxinc ncu 
tral stain The particular glands studied were (i) mucous glands of the root of the tongue, CO cpiglotnc 
and subcpiglottic laryngeal glands, (3) the tracheo-lary ngcal glands of the lower larynx, and in the soft 
palate (4) the palaune (salivary glands) (5) the nasophary ngcal glands and finally (6) the glands of the 
laryngo-pharynx The small and usually atypical lymphatic nodules sometimes had clear areas which 
seemed to be equivalent to proliferative centers Cells associated with the lymphatic tissue were small 
lymphocy'tcs (lymphocytoid cells), blastic cells and large blastic cells To the reviewer it seems unfor- 
tunate that the latter cells were so designated, since it implies that leukemic cells are normally present 
in this tissue Two types of poly mophonuclcar cells were encountered The first was found within duct 
lumen and seemed to represent derivatives of lymphocytoid cells which were to degenerate ultimatelv 
The second type of poly mophonuclear cell had a nuclear pattern quite similar to that of the blood neu- 
trophil but lacked cytoplasmic granules Since these were usually found in areas of the soft palate where 
there was marked degeneration it 1$ thought that these cells arose locally in response to some inflam- 
matory process 

Mitotic Division and Degeneration of Lymphocytes within the Cells of Int es t i nal Epithelium in 

the Mouse Andrtw, W , and Andrew, N V Anat Rec yy 151-78, 1945 

The presence of lymphocytes in the gastrointestinal epithelium has been subjected to many and 
diverse interprcutions as to their exact mophology, locauon and function For example, they have been 
considered to be normal and degenerate, intercellular and intracellular, mitotic and nonmitotic, and 
finally migrating toward the lumen and not imgraung to the lumen Material for the present study was 
obtained from 10 mice of the C57 Black 'train Longitudinal sccuons were made through the pyloric 
portion of the stomach and duodenum An cxaminauon of loo epithelial cells in the crypts of Liebcrkuhn 
and on the vilh of each of the 10 animals revealed that most of the lymphocytes are mtracellular These 
ly mphocy tes undergo degenerativ e changes as they pass from the basal lay er toward the lumen Mitotic 
figures both normal and abnormal are limited almost exclusively to the crypts of Liebcrkuhn The 
appearance and behavior of lymphocytes in the epithelial cells of the gastromtcsunal tract arc similar 
to those seen in secondary IvTuphatic nodules It has been hy pothcsizcd that the activ ity of these ly mpho- 
cv tes may be in the nature of a defense reaction 

A Method for Studying Numerical and Topographic Problems in the Whole Femoral Marrow of 

Rats AND Guinea Pios wuth the Use of UNDECALanED Sections Ma^cr,E ,and'Rjf^ic\a,A jg Anat 

Rcc jj L13-31 1945 

If hematological investigations require the detenmnauon of the presence or absence of ccU types, 
then the drv smear imprint or section technic apphed to small samples may be used advanugeously 
But if It IS desired to obtain informauon relauvc to the distribuuon of cell ty pcs throughout the entire 
marrow this problem is attended with many technical difficulties, cspeciallv when small laboratory 
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animals arc used ^c authors obsiatcd these difficulties b) using su.tabi, grooved wooden bloeU tn 
hold the femora while removing the epiphyses and corticalis wnth a Moto Tool pnor to fninon 
After fixation more of the corticalis is ground off and the penal of marrow removed Small cheesecloth 
bags are used to carry the marrow' pencils through various phas s of paraffin embedding This new tech 
me for obtaining marrow penals may be employed to extend knowledge regarding the variation of megi 
karyocjtes under certain conditions, the equilibnum between hematopoietic tissue fatt) tissue anJ 
sinuses, and the delivery of m)cloid cells into the circulating blood 

The Motion of the Mioratino Celts in Tissue Cultures of Lylirh Nodes Dc P P H Amt 

Rcc f} t- 95 “ 3 i 5 1945 

Studies on the manner of locomotion of blood and tissue cells in vitro led Rich Winttobe and Lewis 
(Bull Johns Hopkins Hosp 6 s a.91 1939) to conclude that myeloblasts lymphoblasts and mononuclcat 
phagocytes were unrelated The present study was undcruken to consider the relationship between 
lymphocytes and monocytes in tissue culture since the above observations were in disagreement with 
the Unitarian theory of hematopoiesis Dc Bruyn cultured abdominal lymph nodes from rabbits and re 
corded the locomotion of cells w ith nme lapse photographs on reversible film at the rate of fb per mmuic 
Sixteen series of ay to 35 cultures each were studied after 3, 8, 16, 33 and 51 hours incubauon In the 
early cultures lymphocytes migrate m two phases The first is an active locomotory phase in whith the 
cell has an anterior pseudopodial area and a posterior tail like projection Such cells are said to be polar 
taard Tie second pbise js a soaJsxo/nototj' pbsx la 1 vIacI rlr psotdopoiisl area aed u/} a/e njsbJ/imi 
— or depolarized Although such a state has been called a rest petiod small pseudopodia arc coniimi 
ally ansing When lymphocytes hypertrophy they tend to shorten their locomotion phases Macrophages 
in the older cultures were continually in the depolarized phase A genetic relationship was csublishtd 
between these cells on the basis of gradual transitional stages in the mode of migration between the 
typical lymphocyte and the hypertrophied lymphocyte, and between the latter and macrophages 

THE SPLEEN 


S ESTREN, M D 


Splenic Injury Rbamc, H E U S Nav M Bull 4/ 341, 1945 

This report concerns a panent who had been splencctomized for traumatic rupture of the spleen m 
y ears before he came under the supiervision of the author An abdoimnal operation for an unrelated caoL 


revealed a tumor in the midjcjunal serosa, and several similar tumors along the greater cunatore 


of ib 


Stomach, the lower margin of the transverse colon, and in the greater omentum Microscopical)) a 
these tumors were hy'pierplastic hcmolymiph nodes which had tahen on the characterisiics of iplcnic 
nssuc (except for absence of the trabeculae) One large mass was definitely an accessory spleen 

According to Rhamc these changes resulted from the removal of the spleen in a young adult an wcic 

an attempt to restore the function of the spleen by hypertrophy of existing hemolymph nodes and a^ 
sory splenic tissue It parallels occasional repons of the presence of multiple splenic nodules thtoug 
the peritoneal cavity after trauma to the abdommal wall 

Primary Splenic Neutropenia Regers H M and Hall, B E Atch Int Med 7/ i9L-9fi ^ 

Primary Splenic Neutropenia with Report of a Case Salger, M , RansobejJ J E , 

Ann Int Med aa. 171-73. ‘945 n A arj Iff'" 

Splenic Neutropenia Report of a Case with Splenectoviy Langston W Witte, U A , 

J D, Jr Ann Int Med aj 667-71,1945 olcn'Ctociv 

These three articles report one case each of chronic idiopathic neutropenia cured 
The symptoms included listlessness, weakness repeated infection, and splenomegalv '^rair' 
futthcr examples of the entity first described bv Wiseman and Doan in 1939 which is b-mg 
with inctcasing frequenev The case of Rogers and Hall showed in addition to a , 

anemia and thrombocytopenia and clinical and biopsy evidence of hepatitis It ^ii 

pancytopenia or panhematopenia rather then a pure neutropenia It is possible that 
a'soaated with chronic splenic dvsfuncnon since liver function b-came normal after sp 
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No definite statements as to pathogenesis appear in these reports The bone marro\% \\a« consistent]\ 
normal In the first report, the spleen sho^^cd no c\idcncc for segregation or phagoc)tosis of white 
cells This was also true in the second case Incase 3, on the other hand, granulocjtcs were numerous 
in the splenic capillaries and phagocj tosis of polj morphonuclears was noted The question of c\cc'5i\c 
destruction of granuloc) tes b) the spleen in contrast to their nonlibcration from the bone marrow as a 
result of suppressing effect of the spleen, is )ct to be settled 

« 

Du M^anisme de l Anemie au Cours t5ES Anemies SpLE>nQUES DE E Apulte Splevomcoalies Hemol^ 
TiQUEs ET Splenomegalies Myelopeniques ^Mechanism of Splevtc Anemia in the Adult Hemo- 
lytic AND Marrow inhibiting Splenomegaues ) Abramt, P , Jc Gaudart d" Allamcs, F and Du^as 
J Sang 16 113-18 1944 

This IS one of the first available articles on hematology from France in the past few sears The authors 
defend the concept of a splenic anemia as an entity parallel to splenic panc)topcnia and to idio- 
pathic thrombocytopenic purpura C splenic thrombocytopenia ) They separate from the wastebasket 
splenic anemia, a few distinctive cases of nonhemolytic anemia associated with splenomegah and 
cured by splenectomy They distinguish this entity from hemolync anemias, Banti s disease, etc One 
ease IS presented in detail and several others are mentioned 

The basis for the disease, according to the wTiters is splenic inhibition of the bone marrow resulting 
in a disturbance not only in the production of cells in the marrow, but also in their liberation into the 
blood stream This inhibitory action may evidence itself only on one particular t\ pc of cell (giving neu 
tropenia, anemia or thrombocytopenia) or on two or more DT*^® When all three types are af 

fccted, pancytopenia results Splenectomy cutes all these conditions by eliminating the inhibitory factor 

Endocrine Function of the Spleen and Its Partiopation in the Pituitarv Adrenal Response to 

Stress Un^ar, Gtor^ts Endocrinology 37 3x9-40, 1945 

The author describes a crystalline substance which he has isolated from the spleen of guinea pigs and 
which he designates splcnin In guinea pigs, this substance was found to have three actions (1) it 
reduced bleeding time, (x) it inaeased capillary resistance, (3) it inhibited the release of histamine from 
blood cells Studies were done in normal, hypophyscctomized, adrenalectomized and splenectomized 
guinea pigs In each type of animal, the bleeding time was studied after injury hemorrhage starvation, 
and the use of certain drugs Splenectomized gumca-pigs showed increased bleeding time after injury 
this could be returned to normal by use of splcnin A piruiury adrenal reaction to stress is described, 
which was inhibited by splenectomy, and returned to normal by splcnin Extracts of pituitary adrenal 
and spleen had similar actions in this regard, and splenectomy inhibited the action of each type of ex 
tract Other organ-extracts (liver kidney, nodes ct al ) had no effect 

The author considers his experiments to prove that the spleen behaves as an endocrine organ and par- 
ticipates with other endocrine organs notably the pituitary and adrenal, in a combined reaction to 
certain stimuli The author does not reveal the method by which he extracted splcnin and thus makes 
impossible duplication of his results The isolation of a crystalline hormone from the spleen would be of 
great importance in further evaluation of splenic physiology, but further work is necessary before 
this goal IS reached The value of a specific substance that would reduce bleeding time is also obvious 
If verified, this work would be one of the first direct proofs of the endocrine nature of the spleen 

Severe Tyre of Hereditary Anemia with Eluptocytosis Interesting Sequence of Splenectoviy 

Ctolty, T B Am J M Sc 2og 561-68, 1945 

Three types of heredo-familial anemia which do not respond to iron are well known These are 
congenital spheroatic hemolytic anemia Mediterranean anemia, and sicklc-cell anemia The latter 
two arc hvpochromic anemias y et they do not respond to iron therapy Cooley describes in the present 
report a new form of hercdo-familial anemia which is hypxKhromic in typie which docs not respond to 
iron therapy and whose characteristic cell is an elliptocy tc Nineteen of X9 bov s in the mother s line of 
descent had severe anemia 16 of these died, one recovered spontaneously and two arc the patients 
studied b\ Coolcv No girls were affected The systemic nature of the disorder is suggested by the stunt- 
ing of one boy s growth, and the progressive character of the anemia There was no evidence for a he- 
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molytic process Splenectomy rs-as done because of the lack of effect of other modes of thcrjpr 
suited m slow steady improvcmem of moderate degree ' 

Cooley suggests that his patients represent a new group of anemias due either to a def-a la d r' 
blood cell, or to an inability to utilize more than some maximum amount of iron This same ifcct bt 
been postulated to explain Mediterranean (target cell) and sickle-cell diseases and it seems rasteil.’ i 
group these new cases 'with them despite the absence of a hemolvtic component The effect of spV 
tomy rvas definite although not dramatic The further course of the patient should be of inttttst. 


Anaemia Assckiated with UNioENTinED EaYTHiiocYnc Inclusions aiteii S»lenictomt Paffitlr ^" 
A M Tiumpson, W P , Parker, D D and Smith, K E Quart J Med 75'ioo 1945 
This report concerns three cases of hj’pochromic anemia sshich did not respond to iron or iraj-lot 
medication Splenectom) uas performed because of progression of the disease The first nvoa'csJit' 
after splenectomy, the third case shoued no essential hematologic or clinical change after spltnccio^ 
In all three cases post splenectom) blood smears showed small iron stamiog coccoid or bacilloiJ boJiu 
in the red cells, sshich resembled Bartonella bodies Cultures and ammal inoculations, honrrer fill ’ 
to demonstrate Bartonella organisms It ssas concluded that the bodies ssxrc iron-containing gtanolot’ 
obscure significance, resembling similar bodies described by Grunberg in certain ammals 

Refractory hypochromic anemias form a heterogeneous group of disorders from which tanotii c 
uties are being segregated Mediterranean disease and sickle-cell disease ate two such entities C(»’'s 1 
paaents (described abos e) ma) represent a third one and the three cases of the present report m 
represent still another The intra-er) throcy te bodies are probabl) of significance, although similir nru 
have occurred after splenectomy for other diseases (GtOnberg) 


Ruptuhe or Spleen in Infectious MoNONUcLEona Davit, J S , MaeFit, W , Wrtpht, AI anJAlhe f 
Lancet a 71-73, 1945 

In a three-month period in 1945, the authors saw 18 cases of infecuous mononucleosis in one arc 
hospital of which one \\ as complicated by rupture of the spleen Rupture occurred on the 14th da) of iL 
paneot s illness, and was charactenzed by a sudden sharp pam at the left upper abdomen and left shr 
dcr tip, the appearance of surgical shock, and the disappicaiance of the pres loush palpable spleen \ m 
longitudinal split of the splenic capsule was found at operation, and there were tno other tears in i 
splenic pulp Splenectomy was curatne 


Spontaneous Rupture of a Malarial Spleen 


Rmjj, S E , and Gainer, J S J A M A 117 il 


A soldier aged l 8 had had a single attack of vivax malaria oierseas Eleicn months law, ' ' 
the Umted States, he had a sudden chill and fever plus acute pain m the left shoulder an 

domcn There was no shock Operanon revealed a ruptured spleen with an abdomen full 0 

blood Splenectomy was curative Nine days later, plasmodium vivax was recovered roffl t 
during another chill 


Spontaneous Rupture of the Spleen in Malaria Fatal Case Kellner A Hechitim , E < 

A J B J A M A rzf 1117-19 1945 u, n„,r«lSwfsft'" 

A soldier aged 18, bad his first attack of malaria two weeks after his return to t ijjorcito 1' 

the South Paafic, where he had taken atabnne daily and not had malaria There were 5eiTr|^ 

in the followung ten months At this time another attack occurred One day after its on ^ ^ 

suddenly developed chill vomiting numbness of the legs, abdominal pain bfin 
and died within ij hours Autopsy revealed multiple lacerations of a very so t sp ten 

full of blood 4,38 1 pood d-al of yo=- ' 

The qnesuon of slight trauma is considered by the authors The patient ^,^JCDflgh«g 
and straming during fits attacks Ic is suggested that abdominal palpation an tv r-jh'-a 

ing, and stratnmg may perhaps be related to rupture of a spleen which is a rea 
or, pcrhips other inflammation 
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Spontanbods Rupture of a Normal Spleek Duhy^ }J New Hnglind J Med xo/'uS, 1945 

A )ouDg woman was snddcnl) seized with npper abdominal pain, inabilit) to take a deep breath, and 
fainnng Eiamination resulted in the diagnosis of active intraperitoncal bleeding, probabl) secondar) 
to ectopic pregnanci The only finding at exploration was a soft spleen with a rent near the upper pole 
Splcncctom) was curatise The spleen weighed 340 grams and showed multiple lacerations, but no cause 
for the rupture was demonstrable 

Rupture of a normal spleen is a rare occurrence The fact that this spleen was soft ma) have con- 
tnbuted to Its rupture Specific diagnosis is not to be expected in such cases but splenic rupture mav have 
to be considered in intraperitoncal bleeding from unknown cause 

Ruptured Aneurysm op Splenic Artery Martin, i* £ U S Nav M Bull ^ 15L— 53, 1943 

The authors report a Nas-j officer who complained of sudden abdominal pain which was followed b) 
shock, distennon, and death Autopsa rcicaled a perforated ancur)sm of the splenic arter> just proximal 
to the gastro-cpiploic branch No clue as to eaolog) could be obtained The spleen itself was normal 
The sascular system was otherwise normal There were no signs of lues 

Primary Splenic Neoplasms Bostuick,W L Am J Path 21 1143-65 1945 

The author reviews the 157 recorded cases of primary splenic neoplasms in the literature, and adds 
seven of his own He recognizes sesen types (i) angioma, both hemangioma and lymphangioma, (i.) 
lymphoma, Qy) reticulo-cndothelial tumors including endothelioma and rcticulum-cclI sarcoma, (4) 
emhryomc inclusions, including epithelial cy sts, dermoids and mesothclial asts (5) fibrosarcoma, (6) 
leiomyosarcoma (7) ncurosarcoma The latter tumor is theoretical only as no examples base yet been 
reported The lisang is in descending order of frequency 

Of the sc\cn new cases the chief complaint of the patients was the presence of an abdominal mass 
In one case there were signs of a ruptured \iscus In nso cases, the splenic tumor was an incidental find- 
ing at autopsy 

Calcthed Cyst or the Spleen Jameson E M , anJ Smith, OPUS Na\ M Bull ^7 537“4i ^945 
This repott concerns an t8 year old nasal student with a calafied cyst of the spleen His symptoms 
wete of three months duration and included abdominal pain paresthesiac of the fingers and pain in 
the left lower chest Examination showed limited excursion of the left diaphragm, and moderate left 
upper quadrant tenderness A calcified mass in the left upper abdomen w as discos ered on x-ray and was 
shown not to be connected with the gastrointesunal tract or rhe kidneys A splenectomy was done, and 
the spleen showed an irregular, partially calcified cyst in the upper pole The patient s symptoms were 
completely relieved 

Only 7 calcified cysts of the spleen had been reported 1943 and only 151 splenic cysts of all types by 
1941 As a rule, cy sts produce no sy mptoms Occasionally the patient hnds a mass in the left upper quad- 
rant The X ray demonstration of annular calcification is pracncally pathognomonic although rarely 
an aneurysm of the splenic artery may be partially calafied. 

QmsTE Hidatico del Bazo Abierto en Bronquios (Hydatid Cyst or Spleen with Rupture into a 
Bronchus ) I/ncia/o D Mainetti J M and Cuculiccbio C Resista medica de hosp Ital dc la Plata 
(Argentina) j 173-75 ^944 

This is another report of a relatisely rare splenic disease wnth splenomegaly A young ssoman with 
anorexia, malaise weight loss cough chills, and fescr was found to base signs of consolidation at the 
left lower chest and a large spleen Examination of the sputum res ealed tubercle baalli but the hooks 
of tenia echinococcus were easily found An abdominal operauon sYas performed at which a large mula- 
loculated q st was found replacing the spleen It was adherent to the left diaphragm and had apparently 
ruptured into the left chest Formalization and marsupializanon were performed with excellent re 
coicry At a nontelated abdominal operation almost three years later, the only sign of a spleen was a 
librous thickening at the left subphrenic region The chest was normal 

In all these reports of splenic tumors rclauscly few laboratory data arc given by which one might 
ascertain their effect on the blood elements 
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Under the auspices cf the Office of Public Assistance and Hjgicnc and of I^ 
Institute of Hemotherapy of C6rdoba, Argentina, the first course of insmiaion c 
hcmoplasniotherapy ever held m Argentina was given bctivecn August 9 anJ 
1945 The organization of the course was under the direction of Arturo R Pan, 
head of the Institute of Hemotherapj Lectures and demonstrations vert given r 
the Maternity Hospital and in the Children s Hospital The Argentine Socicn c' 
Hematology and Transfusion Therapy was organized The Council of the Son 11 
will be made up of Drs jenaro Garcia Oliver, Arturo R Pezzi, Alberto Batiaglii 
Luis Agoti Robertson, Augusto Romero Alvarez, Miguel Angel Etchcicru, 
Scrafin F Villalobos and Carlos F Gatt 


The Hematolog} Research Foundauon of Chicago announces that the HcIn 
Schuman Finnerman Fund will be used for the hospitalizauon of special paticoti 
in connection with the treatment of blood diseases A second fund, called tb 
Ruth Reader Fellowship in Hematolog} , will be used to aid graduate studenu 
The Foundation, organized in 1944, has a medical advisor) council of seven m r 
bers Dr Raphael Isaacs, Michael Reese Hospital, Chicago, Dr Louis R Limani, 
assistant professor of medicine. University of Illinois College of Medicine, D" 
Andrew C Iv)% professor of ph) siology. Northwestern Universit) Medical School 
Dr Ludvig Hektocn, Chicago Tumor Institute, Dr Anton J Carlson, profcs'cr 
ementus of phjsiolog), Univ^crsit) of Chicago School of Medicine, Dr luio f 
Volini, formerly dean of Lo)ola University School of Medicine, Dr Otto Saphit, 
pathologist, Michael Reese Hospital and Unnxrsit) of Illinois The Foundaiioo 
has 757 members 


Dr William H Cole, director, Rutgers Universit) Research Council, 
that Rutgers University, nine pharmaceutical manufacturers, and the rr 
Quartermaster Corps are pooling their knowledge and resources in an 
cooperative research program which is making basic scientific studies 0 t ’■E 
ernes and therapeutic values of protein h) drol) sates and ammo acids tu i« ^ 
the use of proteins, protein h) drol) sates, and amino acid miAtures m no 
hypoprotcinemit dogs were started to answer basic questions for a b.ttcr u 
standing of protein metabolism 


The Blood Transfusion Association of New York will resume 
for research in the field of blood and blood substitutes in 
Those interested in obtaining such grants should write, going u 1 
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concerning their project, to Chairman, Research Grants Committee, e W io6th 
Street, New York City 

The Nebraska State Health Department began doing Rh factor tests on obstetric 
patients last year without charge 

Ground was broken by Mayor William F Devin of Seattle for the new home of 
the King County Central Blood Bank The Blood Bank recently completed its 
first anmversary 

Personalia 

In connection with the development of the Medical College of Alabama in 
Birmingham, there is heing established a hematological center for the study of 
blood diseases and research in hematology This activity will be under the direc- 
tion of Dr Roy R Kracke, who IS Dean of the School, assisted by Dr William H 
Riser, Jr , Associate Professor of Clinical Pathology 

Dr Carl V Moore gave the Christmas Seminar at the King County Hospital in 
Seattle on the xyth, x8th, and xgth of December, 1945 In that senes of lectures, 
he spoke on (i) Radioactive Phosphorus in the Treatment of Leukemia and Allied 
Disorders, (1) Pathogenesis and Therapy of the Hypochromic Anemias, (3) 
Pathogenesis and Treatment of the Hemorrhagic Diatheses, and (4) Recent Ob- 
servations on the Antianemic Effect of Folic Acid 

Dr O P Jones received a personal letter from Dr J Groen, Head of the Second 
Medical Department, Wilhelmina-Gasthius, Amsterdam-W , Holland in which 
he stated that since they have been isolated for 5 years, there is an urgent need for 
medical literature Reprints, used books, back numbers of journals will be invalu- 
able Any American journal that arrives here circulates like a treasure and is 
devoured like manna from heaven! , he writes 

Dr Joseph F Ross has received a promotion to the rank of Assoaate Professor 
of Medicine at the Boston University School of Medicine He is completing work 
on the problem of preserving blood and erythrocytes in blood banks, which he 
has been carrjung on for the past two and a half years under a contract with the 
Office of Scientific Research and Development 

Dr Eugene L Lozner, U S N R , was recently promoted to Gimmander and 
appointed Assistant Research Executive of the Naval Medical Research Institute 
He continues as Head of the Hematology Department 

Lectures during 1946 at the Academy of Medicine of Cincinnati included one by 
Dr Bruce K Wiseman, Columbus, Januaty 8, The Spleen and Blood Formation , 
and one bj Dr Charles A Janewa) , Boston, April x. Studies on Clinical Uses 
of Plasma Protein Fractions 
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The State University of Iowa College of Medicine, Iowa Cit} , conducted a court 
in the operation of blood transfusions and on related subjects Fcbruar) ^ to Manh I 
2. The course was under the direction of Drs Elmer L DeGou in, assistant profa 
sor of internal medicine, and Robert C Hardin, associate in internal medicine 

Col Loren D Moore, M C , U S Army, retired, who recentl) became assistint 
director of the division of biologic laboratories of the Massachusetts Departratnt 
of Health, will be in direct charge of the new civilian blood service program uhkb 
has been inaugurated by the State Department 
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Die Thromhoezyten des menschlteben Blutes und thre Bextthung Oerinuungs titid Tbrombojeror^un^ Bj Prof 
Dr MED A Fonio AND Dr med J Schwender Hans Huber, Bern, SuitzcrJand 1941 Distributed 
in U S A b> Grunc A Stratton, Inc Ness YorL Pp 130, S3 00 

This monograph on platelets is a welcome addition to the constantU increasing number of funda- 
mental studies on the morpholog) and physiology of the blood cells The bchasior of the blood platelets 
IS studied by an ingenious ness technic which utilizes photomicrographs tahen wuth a dark field micro- 
scope Platelets were studied in plasma suspensions presented from clotting by chemical means C*'^ag- 
ncsium sulfate, sodium citrate^and in plasma sshichssas presented from clotting bs freezing immediately 
after ssnthdrawal of the blood 

The platelets assumed changes in form ssithin the first tz to 14 hours they svere osal or round ira 
mediately after puncture, then they rapidly became itncauon forms (ssithin four hours^, at sshich 
stage pseudopodia appeared ssuth end bulbs sshich attached the platelets to foreign objects such as glass 
slides This stage ss as followed by sssellingand disintegration Some of the platelets ssent into a rest 
form before disintegtanon The process of degeneration included segmentation of pseudopodia, separa- 
tion of ring forms and disintegration of the complete platelet Agglutination heaps resulted from 
the adherence of seseral platelets by means of interlocking pseudopodia and bodies 

In cooled plasma the changes were similar to those in plasma rendered noncoagulable by sodium 
citrate or magnesium sulfate Here, howeser, it ssas possible to follow the process of coagulation more 
readily Thus as the plasma became warmed, masses of plateleu were readily detected, and the sticking 
of the heaps to the glass slides, the appearance of fibnn needles in the process of clot retraction could be 
ascermned Similar eients were found in the capillaries of the frog in \ iso after diathermic injury 

The monograph is excellently conceited and beautifully illustrated with numerous dark field photo- 
micrographs depicting in great detail the various platelet changes It is unreservedly recommended to 
all interested in platelet physiology and the study of coagulation and thrombosis 

Hatmof^uhtn Leiels in Great Britain in ij^j (uitb Observations ufon Serum Frotein Levels') By The Cosi- 
MiTTEE ON Haemoolobin Sorvefs Medical RESEARCH CoDNCiL His hLt/csty s ScvtioncT} OlBcc 
London 1945 Pp nS Price as 

In 1943 a special committee was appointed by the Medical Research Council of Great Bntain to sur- 
sey the hemoglobin levels in large soaal groups of the population in an attempt to obtain evidence as 
to the nutritional state of the people of Great Bntam after four years of war The results of the inscsaga- 
tion are presented in this monograph 

After theoretical and technical considerations, the authors present details on varions groups in the 
population Briefly some of the conclusions arc as follows The incidence of low hemoglobm levels m 
the population in 1943 as in previous studies, but was still high in certain specialized 

groups notably young children pregnant women and people in low income brackets The mean hemo- 
globin for men was only slightly below the mean hemoglobin value considered satisfactory before the 
onset of the war The mean hemoglobin for women was 8 to 10 per cent lower than that for men at most 
ages There was some difference between mamed and unmarried women, attributable to the reduction in 
hemoglobin found to accompany repeated pregnancies As the number of pregnanaes increased in any 
age group before the menopause, a small but consistent decline in hemoglobm level was noted Senous 
anemia on the other hand, was rare in all groups, although the incidence of anemia in general was dis- 
proportionately high at ages x to 5 and some yj per cent of men and women in all groups had hemoglobm 
levels below 90 and So per cent respcctivclv 

In addition to the factual data, certain theoretical considerations arc of interest The monograph in- 
cludes a discussion of phv siological factors which influence hemoglobm levels together wnth an eiccl- 

X69 



BOOK KEVTEWS 


^70 


lent chapter bj Dr R G Macfarlane on the errors of hemoglobin euimaooa bi the HilJjn -Gn-i 
method (a comparator method using carbox) hemoglobm) 

The monograph is well produced and excellent!) fitted to the purpose for which it wjs mi-'i' 
It Tnll presumabl) sene too as a base line for postwar insestigation of nutrition and thachi i1'>t 
partial evaluation of the effect of war upon a people s er) thropoietic ss stem 



THE PRESENT STATUS OF FOLIC ACID 

Bj L Joe Berry, Ph D , and Tom D Spies, M D 

W ITH the recent demonstrations'-® of the effectiveness of folic acid 
(synthetic L case/ factor) in the treatment of pernicious anemia, nutritional 
macrocytic anemia, and of sprue, it was considered sufficiently important to review 
the literature dealing with the various aspects of the work with this promising 
material A review of this subject is timely not because the complete story of its 
discovery and identity can be told but rather because its clinical significance seems 
to urge the telling of its development as far as our present knowledge permits 

Folic acid IS one of the newest members of the vitamin B complex Like other 
better known members of this group, its discovery came from various laboratories 
with widely divergent approaches In fact it is impossible to state with assurance 
that the divergent beginnings have all converged on the same substance, but at least 
in part they appear to have done so at this time Thus, for the sake of clarity, we 
shall attempt to develop in the following pages each apparently unrelated group 
of studies individually until they begin to overlap We shall then attempt to 
show how these studies have become integrated No special effort to maintain 
proper chronology will be made 

I GROWTH FACTORS FOR LaCtohaCtllus COStl AND StTCpOCOCCUS loCttS R 

In 1940, Snell and Peterson* published the tenth paper of a scries entitled 
Growth Factors for Bacteria in which they revealed that certain lactic acid 
bacteria required extracts of plants or animals for growth The basal medium was 
composed of purified hydrolyzed casein supplemented with riboflavin, pantothenic 
aad, niaan, pyridoxine, and tryptophan Lactobacillus easel e of Frcudcnreich was 
used as the test organism (Bcrgey classifies this bacterium as Lactobactllus helvettcus) 
Yeast extract (Bacto) and solubilized liver fraction were both rich sources of the 
essential growth factor It was found that a norite eluate factor was the most 
active fraction from these sources Methods of concentrating the active prinaple 
were investigated and tests were made to determine some of its chemical properties 
A compound of basic character was found which was labile to oxidation and was 
precipitated by many common basic precipitants It showed some properties in 
common with naturally occurring purines The following year Hutchings, 
Bohonos, and Peterson" described a procedure used in further purifying the eluate 
factor from solubilized liver Their material was not preapitated by well known 
basic precipitants so that the material was definitely less basic than that originally 
suggested In fact studies with electrodialysis and estenfication demonstrated 

Unucrsit) of Cincinnati Studies in Nutnuon at the Hillman Hospital, Birmingham, Ala From 
the Department of Internal Medicine, Unisersitj of Cincinnati, and the Department of Biology, Bryn 
MawT College 

The expenses of this studs ssete defrayed by grants to the Unuctsity of Cincinnati by the Edward 
Williams Mason Fund and Ledcrle Laboratories 

We acicnots ledge the assistance of Miss Evely n Haller and Miss Doris Godwin with the bibliography 
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dearly the aadic nature of the active principle The destruction with nitrous ajJ 
and inactivation on acetj lanon or benzoylation suggested the presence of an ammo 
group The fact that the activity did not depend on the phosphorus content of the 
preparation led to the conclusion that a nucleotide was not an actne part of th 
compound 

Earlier in the same year Stokstad® had isolated a factor necessan for the growth 
of L caset from solubilmcd liver by adsorption on nonte and elution with o 5 N' 
ammonium hydroxide in 70 per cent methanol Further punfication consisted of 
fracuonal precipitation of the manganese salt of the factor with methanol The 
final product had the properties of a nucleotide in that it contained nitrogen, 
phosphorus, and gave a positive Bial s test for pentose A negative Fculgcn test 
proved it was not desoxyribose On the basis of hydrol) tic studies, Stokstad felt 
that the active principle contained a purine and a pyrimidine nucleotide Guanine 
but not adenine was present This was in line with observations reported b) Sndl 
and Mitchell® in which both punne and pyrimidine bases when added to the culture 
medium were found to give better growth responses in certain lactic acid baacna 

Also in 1941, Mitchell, Snell, and Williams’® obtained a highl) concentrated 
growth factor for Strept laetts R from spinach Because of the source of this mate 
rial they suggested the name fohe acid and defined it as a growth factor for this 
particular organism The growth of L caset, however, was also stimulated b) folic 
acid No phosphorus was present in this factor and one-half maximal growth was 
obtained at a level of o oooii 7 per ml , while Stokstad s fraction required 0 014 1 
per ml Laver, yeast, and other substances were found to contain folic acid, and in 
prchminary studies on rats evidence suggesting intestinal synthesis was reported 
Mitchell and Snell” described a microbiological assay method for folic acid using 
Strept lactic R as the test organism The amount of growth was measured b) a 
thermoelectric turbidimeter or photoelectric colorimeter after 16 hours incubation 
Standard curves were based on growth obtained between zo and zoo micrograms of 
Wilson s liver extract fraction B (potency of one unit per microgram) The 
following year, 194Z, Tandy and Dickens’- described a microbiological assas 
method for folic acid and other members of the vitamin B complex, using I 
caset as the test organism By the omission of certain single vitamins, nogrowt 
nor acid production was noted The addition of increasing amounts of the missing 
vitamin up to a certain value gave proportionately increasing amounts of gtos ’ 
or acid production The measure of growth could be made cither b} turbidim icr 
or by titration , 

In 1943, Keresztes) , Rackes, and Stokes” compared the amount 
fohe acid and norite eluate factor in various types of extracts and Iner prepati 
tions and found that some of the matenals were much more actne for 
laetts R than for L caset This observation was in contrast to that foun or ^ 
extract of spinach, which had the same degree of activity for both 
new substance was then obtained from an unstated source which cffcctn e y ref^a^ 
folic acid in the growth of S laetts, but was inactive for I caset 
the new material had the same potency for S laetts as 567 of folic aci, 
less active for L cases than o 0004 7 of folic acid At approximate y t e sa 
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Stokstad’^ isolated from liver and from yeast crj'stalline meth) 1 esters which on 
hydrolysis yielded preparations of equal potency for I case/ e The free acid of 
both fractions had the same absorption spectrum When their microbiological 
potency was compared with the liver fraction B standard of Mitchell and Snell 
(see above), Stokstad s preparation from liver had a relative potency of 79,000 
as determined with I caset t and 78,000 with S lacns R The y east preparation 
had a potency of 75,000 with L casei t and 38,000 with S laetts R Thus the 
liver and yeast compounds differed from one another, and both seemed to be dif- 
ferent from the growth factor isolated by Keresztesy et al for S laetts R Stokstad 
believed that the liver factor was identical with the compound obtained by Pfiffner 
et al (see below) 
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A senes of four papers appeared in 1944 describing the isolation and properties 
of fohe acid obtained from spinach Mitchell, Snell, and Williams’^ concentrated a 
product which was 137,000 times more active for S laetts R than the standard 
liter product The active principle was unstable to oxidation, reduction, acid, 
alkali, light, and heat and was highly reactive with many organic reagents At- 
tempts at cry'stalhzation were unsuccessful and all samples with potency exceeding 
110,000 gave amorphous precipitates In a special study of adsorption, Frieden, 
Mitchell, and Williams'® found that the elution of folic acid after adsorption on 
Aarcoal was much easier for crude preparations than for relatively pure solutions 
TTis behavior was attributed to the presence of interfering substances which 
affected the manner of adsorption In fact, adsorption isotherms indicated by a 
change in slope that the adsorption process was of a dual nature This evidence, 
combined vv ith certain chemical data, led Mitchell and Williams'' to the conclusion 
t at most of the impurities present in their most concentrated preparations were of 
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a similar nature to the active compound Analyses suggested an empirical fonnuli 
of QsHisOgNs No sugar or polyhydrovy group was indicated, but the presence of 
a xanthopterin-like structural umt was suggested (hg la) Diffusion coelhcicni 
measurements compared to those of compounds of known molecular weight give 
a value for folic acid of 400 ± 30 In this paper the authors reported that a sample of 
fohe acid with a potency of 75 ,000 had been tested by Norris for antianemic activ m 
in trout This test was suggested by an earlier report of Simmons and Noms'* thit 
injections of 30-50 7 of xanthopterin from human urine brought about a cure of a 
nutntional anemia induced in Chinook salmon Xanthopterin was just as effenive 
in regenerating the blood as was liver extract The folic acid, however, was onli 
one-fifth as active as the xanthopterin since 10 7 per gram of fish was requireJ 
for a good erythrocyte response Mitchell’® obtained absorption spectra data to 
show that folic aad resembled xanthopterin The light-absorbing structure was 
much more stable to light and acid treatment than the physiological!) active 
compound Difficulties in purification were thus attributed to inactive folic aaJ 
with physical properties only slightly changed 

Stokes, Keresztesy, and Foster'® found that the S laetts R factor which the) haJ 
recently isolated” would not support the growth of L casei and other LactiSa ilh 
If I ml of the supernatant from a i4 hour broth culture of T laetts R containiagon 
hundred times the amount necessary for optimum growth (037 unit versus 0 oo) / 
umts) was added to a culture of L caset, at least optimum growth was obtained 
Thus SLR factor could be converted to folic acid by the streptococci and quiclli 
enough to give identical growth curves when the two substances were compared 
In fact these investigators found that all strains of bacteria capable of using the 
SLR factor could grow on folic acid to the same degree This factor, however, 
unlike xanthopterin, did not give rise to fohe acid when incubated with rat 
liver (see below) In their most recent paper Stokes and Larsen*’ reported that rest 
ing cell suspKensions of enterococci which required the SLR factor for growth, 
varied quantitatively in their ability to convert SLR factor to folic acid I 
laetts R cells grown in a medium containing the SLR factor were more active thin 
those grown with fohe acid or thymine Within the range of o 01 7 to 0 / pet 
ml of suspension, the concentration of SLR factor in the growth medium did not 
affect the conversion significantly Cells from cultures nearing the logatithniic 
phase formed more folic acid than younger cells The transformation was tapi- 
since maximum folic acid was obtained within two hours and the amount was 
portional to both the cell density and SLR factor concentration The 
fermentable carbohydrates in the conversion mixture increased the )icld 0 ° 

acid 4-2x1 fold, and the optimum pH was 8 After conversion, practical!) a 0 
folic acid was contained within the bacterial cell and it could be cvtractc 


autoclaving or by digestion with clarase 

In addition to the above scries of observations in which living cel s were 
capable of converting an inactive growth factor for a group of 
an active form, Mims, Totter, and Day" produced from rat liver a re atne ) 
cnzj'mc preparation which was capable of producing the SLR-stimu ati 
from inactive material The enz) me was extracted b) treatment wit am 
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sulfate The proof of such conversion was based on the demonstration that the 
amount of SLR factor increased following incubation of the material under test 
with the required amount of enzyme solution at 37° C for four hours The hcat- 
coagulable protein was precipitated by immersing the tubes in a boiling water bath 
for three minutes The supernatant liquid was then assayed for folic acid by the 
method of Mitchell and Snell (loc cit), using! laetts'R. as the test organism The 
magnitude of increase varied from 1—5 fold for potatoes to 100 fold for some samples 
of yeast There seemed to exist, therefore, a potential folic acid factor readily 
convertible by the enzyme into an active form In more recent work, Laskowski, 
Mims, and Day” have found that the enzyme has a very generalized distribution 
in the organs and tissues of various animals For example, brain, pancreas, bone, 
intestinal mucosa, kidney, and spleen of the rat are rich sources of the enzyme, 
while muscle, heart, and liver have smaller amounts Certain tissues of the dog, 
hog, cow, rabbit, and chicken also possess it The unit of enzyme was established 
as the amount which produces i 7 of the SLR factor (as folic acid of potency 
40,000) per hour when incubated at 37° with xoo mgm of yeast extract (Difco) in 
a total volume of ii cc and four hours total incubation Partial purification of the 
enzyme was achieved by adsorption, precipitation, and salting out with Na2S04 
An average potency of too units per mg of protein was obtained in a preparation 
from chicken pancreas The optimal pH was between 7 and 8 

Barton-Wright, Emery, and Robinson” attempted to prepare folic acid from 
by-products of commercial liver extract manufacture In addition to a fraction that 
could not be extracted from an aqueous solution by chloroform, other fractions 
soluble in chloroform and capable of stimulating growth of L castt and S laetts R 
were obtained These fractions are believed to contain three or four growth factors, 
and the one insoluble in chloroform is thought to be folic acid 
From the foregoing discussion of the work with the folic acid group of sub- 
stances required for the growth especially of L caset e and ! laetts R , it is apparent 
that It IS impossible to understand clearly at the present time the interrelationships 
that exist Optimal growth of both organisms may be obtained with the same fac- 
tor With other factors either L caset or S laetts R may show normal growth 
while the other grows to a much smaller degree In such cases it is possible to con- 
vert by enzymatic or cellular means the inactive factor into an active form As 
Lucke) , Tepley, and EIveh)em^® pointed out, part of the uncertainty associated 
with the work would disappear if more generally accepted methods of measuring 
units of activity or potency were used In an effort to improve the reliability of 
microbiological assajs for folic acid, Luckey, Briggs, and Elvehjem^® determined 
the optimum amounts of biotin, nicotinic acid, pantothenic acid, pyridoxine, 
dipotassium phosphate, sodium acetate, tryptophan, glucose, and certain purines 
and pjrimidines for growth of S laetts R on a casein hydrolj sate-synthetic me- 
dium A nets medium was designed on the strength of their data Tepley and Elve- 
h)em later modified this medium to allow more acid production for titrimetric 
determination of folic acid Less scattering of assay values when different 
amounts of grow th are obtained was achiet ed in this war Another possible source 
of scatter w'as suggested by Sherwood and Singer"’* when they showed that the 
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grade of nonabsorbent cotton commonly used as plugs for bacteriological culture 
tubes contained appreciable amounts of folic acid The) used L casti as the test 
organism and found that boihng the cotton for several hours in distillcJ isata 
would remove most of the folic aad 

Before concluding this section of the review another senes of obscn'ations shoulj 
be emphasized and extended since they are of considerable theoretical significance 
and may be of practical importance for assay technics Snell and Mitchell,’ Stol 
stad,''* and Mitchell, Snell, and Williams’® have shown that certain pjTimidincanJ 
purine bases may be substituted for folic acid in the growth of both S lactis R and 
L casei Of the pyrimidines used, thymine (fig ib} seems to be the critical compo- 
nent, with cytosine and uracil (fig ic) having little activit) , whereas the purin-s 
(adenine, guamne, and xanthine) arc more or less interchangeable The replacement 
of folic aad with thymine was also reported by Mitchell and Williams” and hi 
Luckey, Briggs, andElveh|em-* in the growth of the test micro-organisms Stol.es ' 
found that 5000 times as much thymine as folic acid was required for maximum 
growth of T lactis and other enterococci and that a large number of pprimidincs, 
purines, nucleic acids, and similar compounds were inactive Folic acid, moreoicr, 
could not be detected in cells which were grown on a medium containing ihjmin: 
instead of folic acid Stokes thus advanced the hypothesis that folic acid pariici 


pates directly or indirectly as a coenzyme in the synthesis of thyininc or some rc 
lated compound in these micro-organisms In testing more than 100 pjrimidincs as 
growth factors for L casei, Hitchings, Falco, and Sherwood*" found to or more 
compounds of biological signifi.cance Inhibition of growth was obtained uith 
compounds having amino, thio, halogen, and various other substitutions in the 
pyrimidine molecule These authors took exception to Stokes hypothesis because 
bromouraal completely inhibited the growth of L casei with thymine as the nu 
trient but had no effect when folic acid was present Growth does not depend thwe 
fore on thymine synthesis as such Moreover, nitrouracil prevented growth 0 
casei with folic acid at concentrations which had little effect on growth wit 
thymine They suggest that the two nutrients may act as altematises m a singe 
system rather than as two components in the same system Kreuger and Peterson 
emphasized the fact that thymine could completely replace vitamin (see e ose 
in the nutrition of S faecalts and could partially replace it in the nutrition 0 ^ 
case: In assaj ing material for vitamin by these test organisms as itt e as 
gamma of thymine present free in the sample might erroncousl) influence the assaj 


ll VITAxnN M 

As earl) as I93L, Wills and Bilimona’- showed that monkc)s on a 
ble to that consumed b) certain Indian natives, largely polished rice, w i^ 
and chapatti, developed anemia, leukopenia, and granuloq topcnia ^ 

marroxv of these animals revealed a megaloblastic h) pcrplasia Neither \ 
nor C protected the animals, but the s)mptoms were relies cd b) }cast 
Again in 1935, Wills and Stessart” produced a dictar) anemia in ther 
in which the erj throcy te count dropped from five and a half mi 'on to 
txs'o million and the leukoc) te totals xsent from 16,000 to less than 5,000 
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anemia and the leukopenia were cured with marmitc (a > cast extract preparation) 
The same year Daj , Langston, and Shukers*^ fed j oung Macaca mulatta monkcj s a 
diet believed to be adequate in protein, minerals, fatt) acids, and vitamins A, Bj, C, 
and D but deficient in vitamin G (Bj) and possiblj other less well known organic 
substances which maj be essential After a vary ing period on this diet the animals 
developed a fulminating, fatal blood disease characterized by leukopenia and 
anemia Ulceration of the gums consistently accompanied the hypocythcmia 
Diarrhea was common Brewer s yeast added to the diet supported good growth 
and prevented the deficiency syndrome Dat , Langston, and Shukers’^ in a brief 
paper listed the diet fed their monkeys as consisting of whole wheat, polished nee, 
purified casein, Osbornc-Mcndcl salt mixture, cod-hver oil, and oranges The ane- 
mia and leukopenia developed and terminated fatally in z 6 to 93 day s A supplement 
of 10 grams of dried brewer s yeast daily supported normal growth and develop- 
ment in the animals for 400 days, while z 5 grams daily was inadequate Two grams 
of a liver-stomach preparation daily was satisfactory 

Wills, Clutterbuck, and Evans’® compared the anemia induced in their monkeys 
by dietary means in from three months to one y ear to the tropical macrocy tic 
anemia seen in Bombay Marmitc would protect against or cure this anemia as well 
as a fraction soluble in 80 per cent alcohol Dried brewer s yeast was found not to be 
as effective as cither a o i per cent acetic acid extract or a 90 per cent alcohol ex- 
tract Heptoflavin was of no benefit, and wheat germ extracts were of value only 
when given in large doses Day, Langston, and Darby’’ reported the failure of 
nicotinic acid in doses of 10 or 50 mg daily when used as supplements to protect 
monkeys from the fatal dietary cy topenia or to prolong life This sy ndromc in the 
monkey was thus established as being different from blacktongue in dogs or pella- 
gra in man The factor preventing this condition was designated by these workers 
for the first time as vitamin M A more extensive report appeared in the same 
year (1938) from the Arkansas group when Langston, Darby, Shukers, and Day’® 
eliminated thiamin hydrochloride, riboflavin, and maan, alone or in combination, 
as being responsible for the nutritional cytopcnia of their monkey s In addition to 
the 10 Gm of dried brewer s yeast daily which had previously been found to pro- 
tect the animals from this blood disease, z Gm of a liver extract (Cohn fraction G) 
dally was shown to permit normal body development and maintain a normal blood 
picture over long periods 

As mentioned above, the vitamin M deficient monkeys were commonly found 
to suffer from diarrhea This aspect of the deficiency was studied in more detail by 
Janota and Dack They made blood counts and fecal bacteriological cultures 
before the animals were placed on the experimental diets No dysentery organisms 
were found in these cultures After one month on the deficient diet, one monkey 
ga\e positive stool cultures for bacillary dysentery and suffered from diarrhea, 
gingiMtis, and leukopenia By the third month seven had developed dysentery, 
Mhile all of the controls remained healthy throughout this period The following 
year Day, Langston, Darby, Wahlin, and Mims’® isolated Shigella farad^sentertae 
from the stools of se\eral Mtamin M deficient monkeys (fed the Goldbergcr diet) 
The deficiency sy ndromc m as similar to that found in the earlier w ork of this group. 
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and a crude liver extract given to an animal with profound anemia and Icukoprrii 
was found to eliat a dramauc rcticuloq te response and ulumatc rccovcn H- 
ash of liver extract had no protecuve value Niaan and nboflavin seemed to hiv 
a mild er) thropoietic effect 

Wilson, Doan, Saslaw, and Schwab^* placed monke) s on one of three diets i h 
aent in the vitamm B complex LeuLopema developed in from 30 to lOj dnsoe 
these diets A penod of constant leuLoq te counts was usualh observed befov 1 
rather sudden onset of leukopenia All cellular elements were involved m the cvto- 
penia that terminated fatallj Onl) moderate degrees of anemia were observed le 
some monkej s Intramuscular mjections of folic aad concentrates corrected tf 
leukopenia in those monkc} s receiving other x itamin supplements These oh^tvi 
nons were extended bv Saslaw, Schwab, Woolpert, and Uhlson^* to show that th 
monke) s while suffenng from the nutritional granulopcmc leukopenia exhibited a 
lowered resistance to spontaneous infecnons The mortalitv rate in such infeLtioes 
was high Saslaxx , Wilson, Doan, and Schw ah'*’ then produced the x itamin M defi 
cicnq in monkevs on diets supplemented with nboflavin, thiamin hx droJilond , 
niconmc aad amide, calcium pantothenate, p)Tidoxinc h) drochlondc, sodmta 
para-amino-benzoatc, chohne chloride, pimelic aad, glutamine, and inositol 
Onl) half of the ammals developed significant degrees of anemia, but all developed 
leukopema in from 4 to 15 weeks Three monke) s received hmitcd supplements ofa 
j-east residue containing fohe aad dunng a bncf expenmental penod A marled 
leukopoicsis and remission of chnical S)Tnptoms followed The ammals supp! 
mented with the above vitamins plus a cc of a crude liver extract did not develop 
the q topxema 

Waisman, Rasmussen, Elvehjem, and Clark'*^ made a studx of the nutnuoiil 
requirements of the rhesus monkc) emploxing a diet compioscd of suCTOse.a'em, 
salts, com oil, and supplements of S members of the vitamin B complex and x itamin 
C None of the ammals could survive on this diet, and all showed weight lo's, 
anorexia, moderate degrees of anemia, leukopema, and extcnsix e and varied Icsio iS 
attributed to secondaq infections with various orgamsms, cspecialh those 0 
baallary dx senterx A biotin concentrate did not alter the course of the deficiencx^ 
Liver or liver extract prevented the defiaenq Waisman and Elveh)cm^' then fojn- 
that a nontc eluatc fraction of liver containing folic acid rcadilx cured the viti^ 
min M q-ndrome However, the) attributed part of the respionse to the ro!^ t 
folic aad rmght plax in increasing the s)'nthesis of biotin bx intestinal 
This conclusion was based on the observation that the loss of hair m the ci^^^ 
monkey was not corrected bx the addition of i per cent solubilized liver to t ^ 

The leukopema was cured, but since the solubihzcd hver was loxx in biotin 
return of fur in an ammal was obtained onl) when folic aad was also gi''^'^ 
themonkexs 

The anemia and leukopema of x itamin M defiaent monkexs was a 
dailx supplements of o 5-10 mgm of S)-nthetic xanthopterin according to 0 
Shukers, Kolson, Alims, and Dax A subnormal reticuloatc 
4 5 per cent (normal, o 2.-0 4 per cent) resulted in 3 to 6 daxs and xxas 
for z to 5 dax s The blood cells reached normal values in 3 to 13 davs an re 
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normal for varying periods It was only in the animal that received a heated liver 
powder in addition to the xanthopterin that the hemocytopoietic function was 
restored to normal for an extended period After 71 days the blood was normal, but 
when the xanthopterin was withheld cy topenia promptly returned The resumption 
of xanthopterin elicited a second response similar to the first Xanthopterin alone, 
however, did not seem to fulfill completely the role of vitamin M, but it did delaj 
the onset of the symptoms Totter, Mims, and Day'** compared the folic acid con- 
tent of several substances with the vitamin M activity in monkeys The amount of 
folic acid present as measured by growth of S laetts R could account for only a 
small proportion of the vitamin M activity There was much better agreement, 
however, between the vitamin M activity of a substance and its folic acid content 
if the material was first incubated with fresh rat liver before being assayed with S 
laetts R This was especially true when yeast was the substrate The livers of two 
vitamin M deficient monkeys were low in preformed folic acid Extra folic acid was 
produced from xanthopterin by one liver, but the other liver required yeast in addi- 
tion to the xanthopterin This latter requirement was found to prevail with chicken 
liver 

Day, Mims, Totter, Stokstad, Hutchings, and Sloan*® treated three monkeys 
made cytopemc by a deficient diet with 4 to 4 5 mg of a highly purified preparation 
of L caset factor per day for several days There was a prompt and complete recov- 
ery Total leukocyte and granulocyte counts had increased from normal to 7 8-10 9 
per cent Erythrocyte counts increased more slowly to normal The infections com- 
monly associated with this deficiency were found in one of the monkeys, and these 
healed following the treatment This L caset factor was only slightly active for S 
laetts R , but treatment with the enzyme described by Mims et al increased the 
activity for this micro-organism Day, Mims, and Totter*® made further tests with 
the crystalline L caset factor in their vitamin M deficient monkeys, using 3 mg 
intramuscular injections over several days in each case Reticulocytes rose as high 
as 47 per cent within 4 to 7 days in these animals Erythrocytes, hemoglobin, and 
leukocytes returned to normal and the dose maintained the remission for 10 to 30 
days These blood changes were accompanied by marked clinical improvement 
These authors likened this factor to vitamin conjugate (see below) in its micro- 
biological activity 


HI VITAMIN Be 

Studies in nutrition of the chick have yielded valuable information in many 
aspects of vitamin research It is not surprising to find therefore that some of the 
carl) investigations with what is now commonly referred to as folic acid made 
use of this experimental animal Stokstad and Mbinning*' reported that chicks on 
a diet adequate in all the essential elements known at the time (1938) required an 
additional factor for growth which could be found in yeast, middlings, alfalfa, and 
wheat bran Certain stabilit) characteristics were described The following year, 
Hogan and Parrott*" published in abstract form and later in detail** the results of 
experiments prot ing the existence of a new member of the xitamin B complex re- 
quired b) the chick In the absence of this factor the animals grew slowl) and de- 
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vclopcd a macrocytic hj pcrchromic anemia The er}'throc} tes were less fragile b t 
the coagulation time was normal The anemia vs as not due to anorexia anJ cwli 
not be prevented by any of the known vitamins A water soluble extract of hr- 
was required Because of its role in the chick, the protective substance was dwu; 
Dated as vitamin B,. Two other papers appeared in 1940 in which factors from scan 
were found to be required for growth in chickens Stokstad, Planning, and Rogers" 
proved that a substance other than pj'ridos.ine was required, and Schumalcr, 
Heuscr, and Norns‘® felt that their factors R and S from yeast were probabls r. 
lated to those previously described bj”^ Stokstad In neither publicanon svas aar 
mention made of the possibility of anenua developing, but it xxas stated b\ Schc 
maker et al that no macroscopic lesions appeared 

Hutchings, Bohoyos, Hegsted, Elvehjem, and Peterson*' in 1941 prepared froir 
liver a concentrate zoo umes as active as the onginal material in promoting th 
growth of L caset e The)'^ then showed that the amount of this material requircl 
for the growth of the chick was decreased in proportion to its increased acmin 
for L caset They concluded that the two active principles might not be idennul 
but that the data suggested that they were The foUowwg year, Mills, Bnggs, 
Elvehjem, and Hart*' used a basal medium which was fed daj old nhitc Leghorn 
chicks These ammals geew poorl) and at the end of four weeks had an average 
hemoglobin value of 6 13 Gm per 100 ml blood, while chicks receiving supple 
ments of solubilized liver cx.tracc or nontc cluatc factor from solubilized li\ cr grev 
much better and had hemoglobin values of 8 40 and 8 09 Gm per 100 ml blood 
respective!) These expenments gave further support to the idcntit) of \ itamin B 


and the L caset factor 

O Dell and Hogan'® undertook an invesuganon to improxc the diet used fo' 
producing anemic chicks which might then be used in vitamin assajs A diet 
was found that gax'e an incidence of 53 pier cent anemia in the animals The) sug 
gested that higher levels of pyndovine in the diet tended to lover the incidence 
anemia because it aided in the bacterial s) nthesis of the antiancmic principle n 
suppiort of this h) piothcsis was the larger pierccntage number of anemic aoinu 
obtained when sulfaguanidine was added to the diet It xxas of interest ^ 
eggs of hens consuming a diet nch in green foods ) iclded fexx'^er anemic chic s t m 
when the eggs came from hens fed a Ary diet Apparentl) x itamin Be xxas store 1 
the egg xvhen the diet xvas nch in this factor Chemical studies of the 
showed It to be an acid capable of forming salts with heax) metals It cou 
adsorbed from acidic solution b) a x^ariet) of adsorbents and was eluted xvit 
monia These properties are in close agreement xxTth those found for the xano 


growth factors (compare above) „ 1 

A bnef account was published in 1943 b) Pfiffner, Binklc) , Bloom, Broxxn, ^ ^ 
Emmett, Hogan, and O Dell'® in which some of the ph)Sical j 

crystalline compound isolated from lixer xxerc described This acidic su s 
when fed to day old chicks at a level of z 5 7 pet gram of deficient 
normal growth and the animals shoxxed no anemia at the end of fourxxec 
highly acux'e as a growth factor for L caset e since a concentration o^c)a»5^i 
ml of culture medium gave half-maximum growth of the organism ^ 
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that this cr> stalline material was probabl) the same as Peterson s eluate factor 
and Williams folic acid The term vitamin was retained in order to designate 
the pure crystalline compound they had isolated Campbell, Brown, and Emmett*'® 
in a more quantitative experiment showed that vitamin Be would prevent the nu- 
tritional macrocj tic hyperchromic anemia in chicks at levels of 40 7 per 100 Gm of 
deficient ration Growth required loo 7 and a normal Icukocj te level required 400 
7 per 100 Gm of ration 

The ultraviolet absorption spectrum of vitamin Be was measured b> Bloom, 
Vandenbelt, Binkley , O Dell, and PfifFner®' at pH values between i o and 11 o and 
compared with the absorption of xanthopterin at essentially the same hydrogen 
ion concentrations Very striking dissimilarities were found although in general 
the curves were alike Similarities were also found in curv es for flavins, alloxozines 
and pterins 

Binkley, Bird, Bloom, Brown, Calkins, Campbell, Emmett, and PfifFner®= found 
that yeast extracts were highly potent in vitamin Be activity as measured in the 
anemic chick, but only z-5 per cent of the chick antianemic activity showed in the 
microbiological growth effect on either L caset or S lactis When this y east con- 
centrate was subjected to enzymatic digestion it became microbiologically active 
The chemical procedure for cry stallizing vitamin B^ was applied to the y east digest 
A crystalline compound was obtained that had the same activity for L caset and 
S lactis as the compound from liver It also had a comparable effect on grow th and 
on the blood picture in the chick The cry'Stalline compounds from liver and from 
digested yeast had identical crystallography , ultraviolet absorption spectra, 
and elemental chemical analyses These observations suggested that the vitamin Be 
activity in yeast extract was due almost entirely to a relatively simple nonprotein 
conjugate of the vitamin Work with this crystalline vitamin Be conjugate from 
yeast was continued by Pfiffner, Calkins, O Dell, Bloom, Brown, Campbell, and 
Bird The ultraviolet absorption spectrum when compared with that of crystal- 
line vitamin Be was found to differ only in values This indicated that the two com- 
pounds had the same chromophoric groups but that the molecular size of the con- 
jugate was z 8 times that of vitamin Be Microbiological assay data showed that i 
7 of conjugate was equivalent to o ooj-o co6 7 of vitamin Be as measured by L 
caset and to only o ooz 7 using S lactis R An enzyme called vitamin Be conjugase 
isolated from hog kidney released an amount of vitamin Be from the crystalline 
Mtamin Be conjugate approximating the amount present in conjugated form as 
calculated from ultraviolet absorption data The compounds from both liver and 
yeast ga^e comparable antianemic activity in the chick From these data the 
authors believed their yeast compound to be different from those of Stokstad 
Bird, Binkley , Bloom, Emmett, and Pfiffner'^ showed that the hog kidney extract, 
mentioned abose, when added to the y east vitamin Be conjugate released the maxi- 
mum amount of Mtamin Be within approximately four hours as measured by the 
grow th response of T lactis R More rccenth Bird, Bressler, Brown, Campbell, and 
Emmett®^ described the enz\ matic liberation of \ itamin Be from the bound form as 
measured with growth of L cases The enzyme was obtained from desiccated hog 
kidne\ and from extracts of whole almond or almond meal The microbiological 
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assays of various materials, following the enzyme treatment, were for the most pit 
in agreement with chicle antianemic assays Campbell, McCabe, Broiin, jnlEr 
mett®’ found that xo-4o 7 of crj'-stallinc vitamin per 100 Gm of ration voal' 
prevent the anemia, leukopema, and thrombocytopema in chicks dunng th* bt 
four weeks of life Even 400 7 per 100 Gm of ration did not overstimulate the pi'- 
duction of cellular elements 


Iti 1944 ) Hutchings, Stokstad, Bohonos, and Slobodkin'" isolated m cp-stalhc 
forrn a new compound from an unspecified source which was acme for hoch Z 
easel and X /aciis R and was also acuve in the nutrition of the chick It was Sj-y' 
per cent as active as the compound from liver''* when assajed with I Ciiw, bunt 
was only 6 per cent as active when tested by S lactis R assa) The new compoucl 
was required in amounts of o 000061 7 per ml for L caset and o 0042, 7 per ml fo 
S lactis R Absorption spectrum data made for this compound and the two previ 
ously isolated" appeared to be dilFercnt from Mitchell and Williams " " fob 
aad 

Two dietasry factors neccssar)’- for the chick were found in Incr bj Bngp, 
Luckey, Elvehjem, and Hart On the basis of rmcrobiological assa}-s these factoT 
were distinct from folic aad One factor was essential for proper feather dcsclop 
ment, and the other was required for growth They were designated vitamins B 
and Bu Hill, Norris, and Heuser*® confirmed the earher evidence” for chcexistcHLC 
of two chick growth factors, R and S, from } cast distmct from folic acid or vitamin 
Bj If folic aad and vitamm Be arc the same, a new chick antianemic faaor distinrt 
from factors R and S was thought to have been revealed This antianemic facto 
might have been vitamin Bj in the event that crystalhne preparations of 11 svert 
contaminated with highly potent growth and anaanemic factors or stimulated the 
bacterial synthesis of these factors in the intestinal tract No evidence was obiainc 
that folic aad was required by the chick, since growth failure and mortaiic) 0 
curred in the absence of the anaanemic factor and factor R or S Campbell, Brown, 


and Emmett"'’ tested the hypothesis that vitanun B^ might alter bacterial s)nthcsis 
of other vitamins in the intesune Growth, feathering, and the blood picture 0 
chicks were observed following oral and subcutaneous admmistration of theviu 
mm The results for both groups were the same Briggs, Luckc) , Elvehjcm, ar^ 
Hart" reported that vitamins Bio and Bn were distmct from fohe aad w 
measured by S lactis R and L casei Chicks fed a basal diet developed macron ^ 
hyperchromic anemia which was partiall} cured by supplements with Mtamin 
acm ity The} felt that another factor was concerned with hemoglobin 
since fractions low in vitamin B^ activity raised the hemoglobin value consi 
Fractions rich in vitamin B^ or Bu did not complctcl} prevent the anemia ^ ^ 
At the end of the summer of 1945 a large group of investigators ^ 

synthesis of a compound which wms active for L casei, S lactis R , ^ 
tive in promonng growth and hemoglobin formauon in the chick c 
compound was believed to be identical with the cr}Stalline I n't'' **”'1110^ 
viousl) isolated from h\er This conclusion was based on 

Ultraviolet absorption spectra of the two compounds were idcntica 

itnev'" 


indices of light vibrating parallel to the length of the cr} stal and also to 
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of the crystals were identical for both compounds The compounds were equally 
active when assayed with L caset or S laetts K No data were given concerning the 
chemistry of this compound or its possible relationship to xanthopterin As yet 
none of this information has been published 

It IS clear that the work with the chick leaves several problems yet to be re- 
solved There is the possibility that vitamins Bjo and Bn and factors R and S arc 
related They may represent conjugated forms of vitamin B,; which fail to reveal 
their potency for the chick when assayed by micro-organisms Until this contin- 
gency IS clearly cliimnated, doubt must remain as to their distinction from folic 
acid There is, on the other hand, newer evidence that indicates L case/ factor 
alone is inadequate for a normal blood picture in chickens Scott, Norris, Heuser 
Bruce, Coover, Bellamy, and Gunsalus’’ reported in a note that the lactone of 
i-mcthyl-3 hydroxy-4-hydroxymcthyl-5 carboxypyridinc (fig id) promotes 
growth and prevents anemia in chicks The use of this synthetic compound was 
suggested by the observation that pyridoxinc previously treated with hydrogen 
peroxide promoted the growth of L case/ Scott, Norris, Heuser, and Bruce^'* 
showed that the above lactone, now designated as a pyracin, or the isomeric 4 
carboxy lactone, /3 pyraan (fig le), was required for the complete prevention of 
the macrocytic hypcrchromic anemia that develops in chicks fed a purified diet 
Of the two compounds, /3 pyraan was more active in promoting growth but was 
only slightly more active in preventing anemia Smaller quantities of the compound 
prevented anemia than were required to promote growth Hematological studies 
revealed that when L case/ factor alone was added to the diet a normocytic, hypo- 
chromic anemia developed, whereas the addition of /3 pyracin alone led to the 
development of a macrocyuc normochromic type More recently, Scott, Norris, and 
Heuser’® produced a severe hemorrhagic anemia in hens by withdrawing by cardiac 
puncture a volume of blood estimated as one-third the total volume Hemoglobin 
regeneration was then followed daily, and it was found that injections of /3 pyraan 
and L case/ factor, alone or in combination, hastened the recovery process The 
administration of these factors together gave higher hemoglobin values which were 
maintained longer than in the hens receiving only a single factor 

Briggs and Lilhe’® observed that day old chicks fed a highly purified diet defi- 
cient in folic acid for four weeks developed characteristic defiaency symptoms such 
as poor growth, retarded and rough feathering, anemia, perosis, and high mortality 
The survivors were then given a normal broiler ration which supported growth 
and feathering After 3 to 6 weeks on this ration, however, many of the chicks 
developed wing and body feathers which contained large white areas and often 
abnormal black areas When Wilson s Liver Fraction L or synthetic L case/ factor 
(Lederle) was included in the diet during the first four weeks, the chicks developed 
normally in all respects 

The various factors which have been isolated in work on micro-orgamsms, mon- 
ke) s, and chicks are summarized in table i Our knowledge of some of these factors 
IS obviouslj fragmentarj , and until the chemistry of sj nthetic L case/ factor be- 
comes available it will be difficult to understand the possible interrelationships 
vhich seem to exist in these factors Since there haie been so manj different sub- 
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stances reported m the literature, it is felt that such a tabulation mights-ncjsa 
guide to the reader 


Table i 


Name 

Source 

Biological AcU\ it> 

Chemical Nature 

Ke'ct: t 

Nontc cluatc factor 

Li^ er and east 

Grot\ th factor for L caset 
and S lact 

Basic, related to pu 
nnes 

( 

Nonce cluatc factor 

Solubilized livci 

: Sameasabote 

Aadic notanaclco- 
ude 

7 

Nontc cluatc factor 

Solubibzcd bici 

■ Same as above 

Punne and pjnrai 
dine present 

c 

Folic aad 

Spinach 

Same as abo\c 

Not a nucleotide 

n 

S hats R factor 

Unstated 

Acn\c for S laetts In 
active for L caset 


>5 

Crystalline L caset 

Li\cr and 

larcr factor aenve for 

Methtl esters of ac 

M 

factor 

)cast 

both organisms, jeast 
factor half actn c for S 
laetts 

Dte pnnnplc 


Folic aad 

Spinach 

Same as folic aad abotc 

Xanthoptenn like 
structure 

17. '} 

Marmitc 

Yeast 

Cures dictar) anemia in 
monkeys 


F 

Vitamin M 

Diet and tease 

Cures nutnnonal etto- 
pema in monkets I 


37 3' 

Xanthoptenn 

Sjntheuc 

Parnallt cures C) topema 
in monkeys Cures 

trout anemia 


4 * 

14 

Vitamin Bj 

later 

Cures chick anemia 


33 

Factors R and S 

Yeast 

Required in chick nutn 
aon 


55 

Cr) stalline Vitamin 
B. 

later 

Aca^c for chick and L 
casts S laetts 

Aadic, similar to 
flatins aloxoancs 
and ptenns 

59 

Cr) stalline Vitamin 
Be 

Cr\ stalline Vitamin 
Be conjugate 

Yeast Digest 

Same as abore 

Same as abo^e 


'icast 

Acntein chick 1.-5% ac- 
ntutt for L casci and S 
lactu 

Same as abotc, 

molecule 1.8 larger j 
1 

f-. f3 

Cr> stalline L caset 

Unspeafied 

Acavefor L casts Inac- 

Absorption spectrum 


factor 

arc for S laetts 

unlike folic aad 


Vitamins Bio and 
Bn 

later 

Aca\c for chick Inac 
ti\c for bactena 

1 

Psnmidmc 


Thvminc 

S\ nthcnc 

AenteforJ laetts 

Cn stalline L cast! 

Stnthctic 

Actitc for chick rat 


7* 

factor 


mookc\ bactena 

Lactone of pyndinc J 

73 

75 

CL pyraan and p 

Sj nthcnc 

Hemoglobin s\nthcsis in 

pjTaan 


the chick 

- 


IV THE ROLE OF FOLIC ACID IN NUTRITION OF THE RAT 

This topic has recentl) been rc\ icwcd b) Daft and Scbrcll in ^ 

more general discussion of the relationship betiNecn sulfonanu cs an 
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dcficienaes For a complete presentation of the topic, however, we feel |ustified in 
duplicating some of their effort 

The definite beginning m work of this type is sometimes difficult to ascertain 
Nevertheless, in 1937 Gyorgy, Goldblatt, Miller, and Fulton'® found that rats on a 
diet deficient in vitamin develofied agranulocytosis, thrombocytopenia, and 
anemia This pancytopenia could not be corrected bj the addition of pyridoxine 
but required Peter s eluatc Also in I 937 ^ Tschesche and Wolf'^ reported that xan- 
thoptenn, as well as other pterins, would give a reticulocyte response and rise in 
red cell counts in rats with a goat s milk anemia A liver preparation and also a 
mixture of tryptophan and histidine were also effective 
Unna, Richards, and Sampson®" found that rats on a diet deficient in pantothenic 
acid, biotin, and folic acid developed achromotrichia, retardation m growth, 
inflammation of the nose, and adrenal hemorrhages The condition was prevented 
with pantothenic aad, but liver and rice exerted a better growth-promoting effect 
Martin,®' on the other hand, added i to x per cent sulfaguanidme to a highly puri- 
fied diet containing adequate amounts of calcium pantothenate There was marked 
graying at 5 months in these animals with or without the addition of biotin Both 
yeast and liver caused a sharp increase in growth rate and the graying was com- 
pletely cured in two months on these supplements When 3 mg of a folic acid 
concentrate per day was substituted for the yeast or liver, growth gains were nor- 
mal Graying was cured completely in three rats and was only partial in the other 
two 

Nielson and Elvchjem^’ studied the growth-promoting effect of folic acid and 
biotin in weanling rats fed i per cent succinylsulfathiazole After 4 to 5 weeks on 
the diet, at which time a weight plateau or loss began, the vitamins were tested 
Biotin alone gave very low growth responses, but when it was added to the con- 
centrate of folic acid the definite growth responses obtained with the folic acid 
alone were improved Welch and Wnght®* and Wright and Welch®' added suc- 
cinylsulfathiazole to highly purified diets containing all the dietary factors known 
for the rat In addition to growth inhibition they observed an increase in the pro- 
thrombin time Both deficiency symptoms were overcome by the addition of folic 
acid and cry stalline biotin These workers suggested that these factors promoted 
bacterial synthesis of other essential dietary factors in the intestine In fact, the 
appearance of achromotrichia and porphynn-caked whiskers was accompanied by 
a pronounced reduction in the pantothenic acid content of the liver These signs 
disappeared when folic acid and biotin were added to the diet Their role is prob- 
ably secondary to that of pantothenic acid in such cases 
The development of agranulocy^tosis, leukopenia, and a hypocellularity of bone 
marrow was reported by Spicer, Daft, Scbrell, and Ashburn®® for rats fed either 
sulfaguanidme or sulfasuxidine at i per cent level in purified diets Whole dried 
Iner extracts would either prevent or cure these symptoms Ashburn, Daft, Endi- 
cott, and Scbrell®® obsen'ed that these deficient animals developed hyaline sclerosis 
and calcification of blood vessels, necrosis of voluntary' muscles, and granulocy tic 
aplasia of the bone marrow Certain li\cr fractions which were known to contain 
the I caset factor when administered orally to deficient rats were found by Korn- 
D'lft, and Scbrell® to correct in four day s the granulocy topcnia and to restore 
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the red blood cells to normal in ten days These recoveries were obtained dunn? tb 
continued ingestion by these animals of the sulfonamide-contaming diet Dift ml 
SebrelP* treated rats on the sulfonamide diet with lo-4o 7 of \anthoptcnn {rr dir 
for four days without a response when the leukocytes had reached a level 014x0 
or less per cu mm and the granulocytes were loo or less Crystalline folic acid given 
orally to similar animals in doses of 2.0 7 for four days gave an average rise of from 
2.J00 white cells per cu mm to 14,400 cells per cu mm The granulocy tes changed 
at the same time from i to 39 per cent Ery'throcytcs increased in ten day s from 5 1 
million to 6 9 million, and the hemoglobin rose from 9 7 to 11 8 Gm 
Axelrod, Gross, Bosse, and Swingle** also found leukopenia and sometim > 
anemia in rats fed purified diets contaimng i per cent sulfaguanidine The test sub 
stances were given orally for seven days, and both norite cluatc and whole h\tr 
were effective in correcting the deficiency in leukocytes and in hemoglobin Ran 
sonc and Elvehjem** tested the effectiveness of a folic acid concentrate in counter 
acting the decreased growth and Icukopcma in rats fed sulfasuxidine in the diet and 
obtained approximately the same results as they did with a liver extract when each 
was fed at levels equal in T laettsK activity Biotmincreased thegrowthratewhen 
It was fed in conjunction with folic aad even when the latter was fed in insuflicicnt 
quantiues Xanthopterin fed in conjuncuon with biotm did not increase the 
growth rate of the rats on the diet contaimng sulfasuxidine In contrast to these 


observations. Totter and Day*‘ reported an immediate weight gain in rats on a 
similar diet but also contaimng biotin when lo 7 of xanthopterin were added They 
noted a pronounced leukocyte response in which the average white cell count in 
creased from 3410 per cu mm to 9400 per cu mm They stated, however, that a 
normal distribution of white blood cells following xanthopterin therapy did not 
occur and that normal growth was not fully restored It was suggested that this 
might be due to the injunous action of the drug as well as to the inadequacy of the 
Xanthopterin On the strength of the work of Totter and Day , Mitchell’ jxiintc 
out that analyses of some of his folic acid concentrates showed that xanthopterin 
was not infrequently present as an impurity He recommended caution in attribut 
ing the response to folic acid alone in rats on a sulfonamide diet receiving folic aci 


concentrates 

Mallory^, Mims, Totter, and Day*’ fed yeast extracts or yeast extract concentratrt 
to rats made leukopenic by adding succinylsulfathiazole to the diet These su 
stances were low in preformed J" iaette R stimulating factor, but the anima s grev^ 
better and maintained higher total white blood cells and granulocy tes than t^^ 
receiving liver extract containing i 9-15 times more preformed SLR factor 
there was no correlation between the effectiveness of these substances in su 
mide-fed rats and their content of preformed SLR factor But when the activi y^^ 
rats was expressed as the amount of potential SLR factor present in the supp 
close agreement was obtained These findings suggested that the factor antag ^ 
to the sulfonamide effect in rats was the same as or similar to vitamin 1 , 
could be converted into a growth stimulator for S lactti R h « of th' 

In rats fed a highly punfied diet adequate in the known require mcm e 
vitamin B complex, Wright and Welch*’ obtained a marked reduction 
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amount of folic acid and biotin stored in the liver compared with the amounts 
found in livers of rats fed a stock ration The amount of these factors in liver was 
further reduced when succinylsulfathiazole was included in the diet In addition 
there was also a reduction in the amount of pantothenic acid in the liver of these 
animals The administration of crystalline biotin and a concentrate of folic acid not 
only caused a prompt restoration of growth but there was a recovery from the signs 
of pantothenic acid deficiency and a return to normal levels of the liver content of 
this vitamin Welch and Wnght®® observed that rats on a diet of powdered whole 
milk supplemented with minerals and the known vitamins showed no evidence of 
nutritional deficiency when succinylsulfathiazole was fed in amounts as large as lo 
per cent This was in sharp contrast with the usual symptoms produced at i-z per 
cent levels The assays for folic acid in the livers of animals fed a milk diet without 
sulfonamide were larger than those for the livers of rats fed a highly purified diet 
which contained the same original amount of microbiologically active folic acid 
These observations were considerably clarified in a report b) Wright, Skeggs, 
Welch, Sprague, and Mattis®® in which the typical syndrome of the sulfa-induced 
deficiency was obtained in rats on the powdered milk diet with 10-2.0 per cent 
succinylsulfathiazole Large amounts of folic acid were found in the feces of animals 
fed exclusively on powdered milk, but this elimination of folic acid was reduced by 
feeding the sulfonamide Even so, a folic acid deficiency existed in rats showing 
considerable fecal elimination of the vitamin By means of digestion technics it was 
shown that the milk contained significant amounts of potential folic acid which 
was unavailable to the micro-organisms used in assaying the diet The rats were 
apparently capable of utihzing the potential folic aad in milk and therefore 
were more resistant to the sulfonamide-induccd deficiency on the milk diet Wright, 
Skeggs, and Welch’’ then demonstrated that folic acid may undergo conversion in 
the liver of rats into materials having little or no activity as growth factors for 
lactic acid organisms Evidence was obtained by showing that the folic acid content 
of rat liver was increased by NaCl, xanthopterin, greater dispersion of tissue, and 
at pH 7-8 Cyanide inhibited the yield 

Endicott, Kornberg, and Daft” reinvestigated the lesions found in rats on puri- 
fied diets containing one of several members of the sulfa drugs A depletion of ma- 
ture granulocytes in bone marrow with or without an increase in nucleated ery thro- 
cy tes occurred A few animals had normal marrow, and a few with normal periph- 
eral blood had depleted marrow Aplastic marrow was not observed in any of these 
rats as it was previously” but there was no explanation for this difference Hyper- 
plasia was regularly found in rats recovering from the granulocytopenia following 
the administration of liver concentrates Gross, Axelrod, and Bosse” also found 
severe pathological changes in rats under similar experimental conditions which 
became maximal after two months They had 90 per cent fatalities, which were 
reduced to 14 per cent by the administration of folic acid concentrate plus biotm 
Kornberg, Daft, and Sebrell'” observed granylocytopema (designating less than 
500 granulocy tes per cu mm blood) in 6 of 185 weanling rats fed a purified diet 
\Mthout sulfonamide All of these deficient animals showed weight loss or poor 
grots th prior to treatment ssith crystalline L caset factor, and one animal died 
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The administration of the vitamin increased the polymorphonuclear cells to mo-c 
than 5000 per cu mm of blood and restored growith One or more relapses occurreJ 
but the crystalline L caset factor corrected the granulocytopema in relapse Thes! 
important observations eliminated the possible toxic influence of the sulfonamides 
in inducing the folic acid deficiency in rats Kornberg, Tabor, and Scbrcll' 
produced severe anemia in rats fed a purified diet containing sulfasuxidinc Anemia 
was noted in only a few rats not bled but fed sulfonamide, and none showed such 
severe anemia when fed a purified diet without sulfonamide even after long periods 
of bleeding Crystalline L caset factor was fed as a supplement to one group of rats 
on the purified diet plus sulfasuxidine The hematocrit average was 41) per cent sii 
days following the eleventh bleeding made during a 14 day penod Unsupplemcntcd 
litter mates under identical conditions had a hematocrit average of 19 per cent 
The average hemoglobin was 14 8 Gm in the supplemented group and 6 6 Gm in 
the other Of 31 rats made anemic by this procedure, 13 were treated with the L 
caset factor Nine showed an average hematocrit rise of from 15 per cent pnor to 
treatment to t 8 per cent four days after treatment The remaining untreated rats 
died in an average of seven days following the last bleeding 

Higgins*“® fed young male rats a purified ration supplemented with the known 
vitamins Sixteen were given 80 7 of vitamin concentrate per day for 14 dais 
while receiving 50 mg of promin daily Twenty-mne were given the same amount 
of drug and no vitamin, while 15 were given the drug and were then treated In all 
cases the administration of the vitamin had a marked antianemtc efl'ect with an 
average increase in hemoglobin from ii 7 Gm per 100 cc to 14 i Gm per 100 cc 
blood The erythrocyte volume and total red cell count showed slight inacases 

A nutritional anemia in rats has recently been reported to occur after protracted 
periods on a purified diet A morphological difference distinguishes this anemia 
from that due to a pantothenic acid deficiency and occurs in animals receiving this 
vitamin Carter, MacFarlane, O Brien, Robb-Smith, and Amos'“ suggest that it 
may be due to folic acid deficiency 

V FOLIC ACID IN THE NUTRITION OF OTHER ANIMALS 

As early as 1939, Wintrobe, Samter, and Lisco'”^ showed that weanling pigs In'! 
a purified diet containing yeast grew satisfactorily If thiamine, 
nicotimc acid were substituted for the yeast, a severe anemia developed 
yeast was returned to the diet, partial or complete recovery followed 
may have been responsible at least in part for the therapeutic effect of ) cast in 
experiments, but the author s work antedated the discovery of this vitamin 

In 1941, Woolley'"^ fed guinea pigs a ration compxiscd of casein, suaosc, 1^^^^ 
game salts, com oil, and vitamins A, C, D, E, K, riboflavin, pyndoxine, 
acid, pantothemc acid, choline, and inositol The animals failed to grow an 
died unless nvo new factors were added to the diet One ivas soluble m 50 pet 
alcohol (GPF-i) and one was insoluble in the alcohol (GPF-i) The 

successfully concentrated so that 5 mg per day produced good grow t 

and Sprincc”' later succeeded in proving that crystalline vitamin c 3 

the unknown factors required by the guinea pig but another as jct uni 
factor remained 
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Nielson and Black/®® using a purified basal ration, noticed that the albino mouse 
failed to grow after four weeks and developed a rough coat and curvature of the 
spine The addition of folic acid to the diet supported better growth than the 
basal ration, but when biotin was also included normal growth and appearance 
resulted In a studj of spontaneous breast cancers in mice, Lcuchtenberger, 
Lcuchtenberger, Laszlo, and Lewisohn*®® observed spontaneous regressions in the 
cancers of 38 out of 89 animals (43 per cent) The treatment consisted of dail) 
parenteral injections of 5 7 of L casti factor The incidence of new tumor develop- 
ment was decreased among the treated mice when compared with the controls 
A scries of studies* was made in which the B vitamin content of \ arious 
tissues was assayed during the development of rats and of chicks The problems 
associated with autolyzing such tissues for assay were described and technics were 
recommended The fact that folic acid was destroyed during autoly sis in acid or in 
alkali was emphasized It was further demonstrated that bound folic acid in 
some tissues rendered the evaluation difficult 

An interesting relationship between stilbestrol and L caset factor was revealed 
by Hertz and Sebrcll **■* Normally, stilbestrol induces a marked proliferation of the 
tissues of the genital tract in the chick This is reflected in an increase in weight of 
the genital organs and may be employed as an index of hormone activity Chicks 
Mere maintained from hatching on a purified diet with supplements known to 
produce a vitamin B^ deficiency, o 5 mgm of stilbestrol in o i cc of corn oil was 
given subcutaneously on each of six days The weight of the oviducts of these 
chicks was consistently less than the weight of those in chicks on the same diet 
receiving supplements of L castt factor The weight difference was obtained 
whether the L cases factor was administered from hatching or only as a curative 
measure during the last ten day s preceding autopsy Since the response to stilbestrol 
was unimpaired in pantothenic acid deficient chicks, debility limitations of growth 
were not sufficient to affect a reduction in oviduct response observed in the folic 
acid deficient chicks These data indicated that an adequate intake of L caset 
factor was essential for normal metabolism of stilbestrol in these animals 

Krchl and Elvchjem"® placed young dogs on a synthetic ration low in nicotinic 
acid A severe deficiency resulted There was a poor response to added niacin which 
was soon followed by a relapse and death despite the administration of this 
s itamin When the basal ration was supplemented with a folic acid concentrate, 
a nicotinic acid deficiency^ was obtained which responded adequately and con- 
sistently^ to nicotinic acid 

In the field of inscrtcbrate nutrition, Tatum"® showed that the larvae of Drosoph- 
tla mlaiiogaster grown under sterile conditions required a water-soluble yeast 
extract and an insoluble residue of yeast autolysate for normal growth The basal 
agar medium contained ammo acids, carbohydrate, salts, and thiamine, riboflavin, 
pyridoxine, nicotinic aad, and calcium pantothenate More recentU, Golberg, 
Dc Mcillon, and Lax oipicrrc*'* in studies of growth factors required for the larvae 
oi Aedes aeg^pts L found that folic acid xx as necessary for pupation Its effect could 
not be replaced by xanthopterin or thx mine Folic acid also exerted an important 
effect on groxvth and surxixal rates, body pigmentation, and size of the larvae 
Transference of the larx ac from a folic acid-free medium to one containing the 
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Vitamin, and vice versa, revealed that the most vital effect sccmd to occur dunn; 
the third stage of larval life Kidder**® obtained quantitative data toproic thjtth 
increase in population of his ciliate, Tetrobymtna gelett W, grown ascpticallj , w is m 
direct proportion to the concentrauon of Williams folic acid of poteno 5CC0 
This preparauon gave half-maximal growth at levels of o 002. 7 per ml of mcdinn 

VI STUDIES OF FOLIC ACID IN HUMAN SUBJECTS 

It IS impossible in a review of this length to make a complete or comprehensive 
report on all of the earlier work in which substances were used m the treatment o( 
anemia that might now be recognized as contaimng folic aad To make iti 
attempt would require that the brilliant demonstrations of the therapeutic effca 
of liver in pemiaous anemia be included Since hver therapy is so universalK 
employed in medical practice, this aspect of the work is being omitted We shill 
attempt, however, to give a background of thought and clinical cxpcrimcntiiion 
which, combined with the evidence presented above, made the testing of L cm 
factor in human beings seem an obvious step 

In 1931, Wills**® demonstrated the curaave effect of a yeast extract in macroc) tic 
anemia of pregnancy which occurs commonly in India Some j ears later Wills anJ 
Evans*^® found cases of tropical macrocytic anemia which did not respond to tb 
more highly purified liver extracts which were of therapcuoc value w casts of 
permaous anemia This suggested the existence of a new hemopoietic factor m 
crude liver and autolyzed yeast extracts This new factor could not be idcntifiei 
with thiamine, lactoflavin, or nicotinic aad but was present in a yeast fullers 
earth filtrate Wintrobe*®* in 1939 reported maximal hemopoietic responses in fisc 
patients with permaous anemia given dehydrated brewer s yeast at a level of I'l 

Gm per Kg body weight per day In one case oral hver extract was more effective 

than the brewer s yeast Nine patients on a maintenance level of o 3-0 8 Gm per 
Kg body weight per day remained well for 4 to 10 months Reticulocytosis occui 
red in two patients given yeast extracts parcntcrally but a significant macasc 
number of erythrocytes did not follow , 

Several reports have appeared during the past few years concerning the anemia 0 
pregnancy Miller and Studdert*^- made a study of 2.3 cases in which all were nun 
to respond to specific therapy Treatment could be discontinued in 14 
Dietary deficiencies and vomiting were important faaors associated vvit 
etiology of the anemia Free hydrochloric acid was present in the gastric 
18 cases In these, marmitc plus a good mixed diet was usually sufficient creatm 
In the rcmaimng cases, where no free acid was present, or in those ^ 

responding to marmite, remission of the aneima followed injections 0 
refined or crude liver extract A degree of iron deficiency often became 
dunng therapy Davidson, Davis, and Inncs*^’ reported on 16 cases 0 ^ 

occurring dunng pregnancy which resembled Addisonian panicious 
megaloblastic bone marrow was found Perseverance and intensive 
refractory cases was considered to be of vital importance In three cases ^ ^ 

cytic anemia of pregnanq and the puerpenum, 
deficiency of the antipernicious anemia pnnciple was not the only fact 
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in the production of the anemia Rcticulocytosis following injections of liver 
extracts was not always followed by erythrocyte regeneration Whole liver 
appeared to provide other factors necessary for restoring the blood to normal He 
considered his cases analogous to the anemia associated with steatorrhea (see 
reference 138) 

Anemia associated with defiacncics of the vitamin B complex has been studied 
by Moore, Minmch, Vilter, and Spies Among 50 patients with hypochromic 
anemia, 32. had a clinical vitamin deficiency All were found to respond satis- 
factonly to oral administration of ferrous salts Brewer s yeast administered in 
some cases in doses of Gm three times daily did not alter the rate of increase of 
hemoglobin when compared to cases receiving iron but no yeast Moore, Viltcr, 
Minmch, and Spies^^® later reported that the oral or parenteral administration of 
a combination of niacin, thiamine, riboflavin, calcium pantothenate, pyndoxine, 
inositol, para-amino-bcnzoic acid, and choline had no effect in correcting the 
macrocytic anemia in patients with pellagra or deficiency of the vitamin B complex 
This work was done on 2.5 patients with red blood cell counts under three million, 
whose diets had been deficient in ammal protein and B vitamins for years Climcal 
signs of vitamin deficiency such as glossitis, cheilosis, or peripheral neuritis were 
usually found Nine of 10 patients gave a reticulocyte response to daily injections 
of 4-8 U S P antipernicious anemia units in the form of highly purified liver 
extracts Eight of these showed a marked acceleration in rate of increase in erythro- 
cytes A reticulocyte response followed the feeding of beef muscle and an 80 per 
cent alcoholic extract of beef in other cases They felt that the anemia was due to a 
prolonged dietary deficiency of extnnsic factor often associated with poor absorp- 
tion from the intestinal tract and possibly inadequate production of intrinsic 
factor by the gastric mucosa Watson and Castle’^’ reported the results of studies 
on three cases of nutritional anemia All gave histones of dietary inadequacies, all 
had free hydrochloric acid, and two of the cases became anemic during pregnancy 
The blood showed a macrocytic hyperchromic anemia with mild leukopenia and 
thrombocytopenia Anisocytosis and poikilocytosis were less marked than in 
comparably severe permcious anemia The differential white cell count was normal 
There were no neural manifestations They found a prompt response to orally 
administered liver extracts immediately following therapeutic failure of liver 
extracts given parenterally, even in multiple U S P units daily, in two cases 
This showed a deficiency of some substance other than that effective in permcious 
anemia The third case indicated that intramuscular injections as a route for 
therapy were unsatisfactory in that ten times the normal amount was required 
A study was undertaken by Castle, Ross, Davidson, Burchenal, Fox, and Ham^^® 
to test additively the extrinsic factor activity of all members of the vitamin B 
complex and of certain other accessory nutritional factors Casein was rendered 
free of extrinsic factor and administered simultaneous!) in the belief that one or 
more of the vitamins might become active as a prosthetic group on the casein 
molecule as a result of the action of gastric juice They observed that the procedure 
required to convert crude casein into a vitamin free form was also essential for 
the elimination of the extrinsic factor and that extrinsic factor was not recon- 
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stitutcd when the vitamins were combined with the casein so treated, under ih 
conditions and tests of this experiment It was concluded, nevertheless, that ei 
tnnsic factor should still be regarded as an as yet unidentified thermostable com 
ponent of the vitamin B complex 

Wnght and Welch*^® measured by the L case; growth method of Land) ml 
Dickens'2 the daily urinary excretion of folic acid in 15 normal human sub|cct> 
The average value obtained from 41 samples was o 0108 mgm units The aicracv 
daily intake of folic acid in well fed adults is i 4 mgm units This figure is demeJ 
from a report by Williams'** in which he states that a daily intake of 0 1 mgm 
unit of folic acid is sufficient and the average figure was based on an assa) of a well 
rounded mixed diet When the urine samples were subjected to autoclaving with 
dilute acid or dilute alkali, or to digestion with takadiastasc, no increase in the 
amount of folic acid was found Incubation of the urine with a fresh rat liter 
preparation caused the appearance of more folic acid The yield of the substance 
in urine which seems to be converted into the vitamin was increased b) autoclaving 
for one and one-half hours in the presence of normal HCl This treatment destroicJ 
the free folic acid present Since synthetic xanthopterin could be conserted into 
folic acid under similar conditions, it was thought that possibl) uropterin, said to 
be identical with xanthopterin, was the substance in urine capable of being 
cnaymaucally converted into folic acid This reasoning would suggest that xan 
thopterin may constitute one part of the vitamin molecule Johnson, Hamilton, 
and Mitchell'** verified the low urinary excretion of folic acid in normal human 
subjects reported by Wright and Welch They found, however, that ssseat con 
tamed five times as much folic acid as the urine when assa)cd with L mi« and 
about SIX times as much when S laetts was the test organism These values were 
obtained under conditions of profuse sweating and were on an hourl) basis Thci 
failed to increase the folic acid content of urine by incubation with vitamin B 
conjugase or takadiastasc The high ratio of excretion of folic acid in sweat when 
compared to urinary excretion is contrary to the values found with other memben 


of the vitamin B complex 

In 1944, Sharp, Yonder Heide, and Wolters'” reported the results of prehminar) 
clinical studies on the antianemic action of vitamin B^ m the form of a ) cast con 


centratc Ten patients, all of whom had been under observation for a jearormor^ 
were known to give no response to various types of antianeraia thcrapt tes c 
during this period All had cry throcy tc counts between 3 o and 3 5 millions per c 
mm and 9-10 Gm of hemoglobin per ico cc of blood The vitamin Be concentr 
was administered in amounts giving 600 7 per day , and after the first wee 1 
increased to 1500 7 per day At the end of four weeks treatment the 
showed an appreciable increase, but otherwise there was little change in t c 


picture . 1,1 

Because of the results obtained with folic acid in the treatment ° 
deficiency" in monkeys, it was considered worth while to test the c g 

substance on the leukopenia commonly seen in persons with a J 

complex deficiency A preliminary report by Berry", Spies, and j. 

that cither a folic acid concentrate from liver or the newly synt 
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caset factor when administered parenterally might elevate the total number of 
circulating leukocytes with a proportionate increase in granulocytes in some cases 
There was a left shift in the Arneth nuclear index accompanying the rise, but the 
elevation was relatively transitory and in most cases was not maintained the fol- 
lowing day Of interest in this connection was a recent report by Watson, Sebrell, 
McKelvey, Daft, and Hawkinson-* in which elevations of leukocyte counts were 
obtained in each of 6 cases of leukopenia resulting from Roentgen ray therapy 
following oral administration of L caset factor concentrate Five of the 6 cases 
were being irradiated for carcinoma of the cennx and the other for polycythemia 
vera No effect was observed in a case of severe leukopenia following x-ray therapy 
for Hodgkins disease nor in 8 cases of refractory anemia 

Spies , V liter , Koch , and Caldwell* also reported that a crude fol ic acid concentrate 
yielded no hematological response along with niacin, thiamine, riboflavin, calcium 
pantothenate, pyridoxine, inositol, para-amino-benzoic acid, choline, pyri- 
doxamine, and pyridoxal in treating macrocytic anemia They reported that 
matenals of unknown structure isolated by Cline'®^ from reticulogen, given parent- 
erally to patients with macrocytic anemia, had produced reticulocyte responses 
of varying degree However, in some cases there was no positive evidence of eryth- 
rocyte regenerauon with lo-ix per cent reticulocytes, and in other cases a brief and 
minimal nse in reticulocytes was followed by an increase in erythrocytes, leuko- 
cytes, and hemoglobin As Houghton and Doan”® had previously emphasized, 
rcticulocytosis alone is an insufScient index of erythrocyte maturation in the bio- 
assay of potential hematopoietic substances Peripheral blood counts, bone marrow 
differential counts, and plasma iron value may all be required Spies et al tested 
synthetic L caset factor on 5 cases of macrocyuc anemia in relapse The material 
was dissolved in saline made slightly alkaline with small amounts of NaHCOs 
and given parenterally There was rcticulocytosis and a slight increase in erythro- 
cytes and hemoglobin in each case Four additional macrocytic anemias were 
administered oral doses of L caset factor All responded in a way comparable to 
that obtained following intravenous injection of the vitamin The dosage ranged 
from 50 mgm twice a day to 50 mgm three times a day A later report by Vilter, 
Spies, and Koch" was based on the study of 14 cases of macrocytic anemia Six of 
these cases were diagnosed as nutntional macrocytic anemia, 5 cases were of 
Addisonian pernicious anemia, and 3 cases were of indeterminate types All but 2. 
of the patients were hospitalized and their diets were closely regulated so that 
sources of extrinsic factor would be minimal Only i patient received other vita- 
mins concomitantly with the synthetic folic acid of the Lederle Laboratories 
Thirteen of the 14 patients showed a positive hematological response consisting of 
rcticulocytosis and subsequent rise in erythrocytes, hemoglobin, and leukocytes 
In those cases in which treatment was continued the regeneration continued to 
normal levels (figs z and 3) Ery'throgcncsis occurred regardless of the route of 
administration of the folic acid and regardless of the clinical classification of the 
macrocttic anemia The responses were considered to parallel those afforded by 
liter extract 

Moore, Bicrbaum, Welch, and WrighH also obtained clinical and hematologic 
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weeks There were 40 per cent reticulocytes on the seventh day The second patient 
started at o 7-0 95 million, was transfused to 1 4-1 5 million, following which an 
oral dose of 30 mg folic acid daily for 14 days was given There were 44 5 per cent 
reticulocytes on the eighth day and the red cells began to rise on the sixth, reaching 
X 5 million on the fourteenth day The leukopenia and thrombocytopenia were 
corrected One ease of nontropical sprue was given xo mg L casei factor per day 
for 10 days and 40 mgm every two days for two weeks, all parenterally The 
initial erythrocyte count of i 6 million rose to 3 5 million and leveled off after 
IX to 14 days The maximum reticulocyte response of 30 x per cent occurred on the 
seventh day Leukocytes and platelets were normal within 7 to 10 days A case of 
pernicious anemia of pregnancy was given xo mgm folic acid parenterally daily 
for 10 days The erythrocytes increased from i i million to 3 o million in 15 days 
and 48 X per cent reticulocytes were found on the seventh day 

A preliminary report by Darby and Jones'®^ on the treatment of nontropical 
sprue with synthetic L caset factor appeared late in 1945 One case was followed for 
fifteen days and the second for four days Reticulocytosis occurred in both cases 
and the former showed an elevation in total number of erythrocytes More recently. 
Darby, Jones, and Johnson® have reported the treatment of three cases of sprue, all 
fulfilling the diagnositic catena set up by Hanes'®® for this disease, with 15 mgm 
of synthetic L caset factor daily by the intramuscular route The glossitis dis 
appeared in 3 to 4 days followed by rapid regeneration of papillae There was an 
improved sense of well-being, the diarrhea subsided, the appetite improved, and 
there was a decided gam in body weight The maximum reticulocyte response was 
15 3 per cent on the eighth day in one case, 43 per cent on the sixth day in another, 
and the third case had 11 per cent on the sixth day (day of publication) There was 
an increase in number of erythrocytes, grams of hemoglobin, platelets, and leuko- 
cytes The sternal maaow returned to normal At essentially the same time. Spies, 
Lopez, Menendez, Minnich, and Koch'®® reported from Cuba the preliminary 
results of oral administration of 100 mg synthetic folic acid twice dally to three 
selected cases of tropical sprue The red blood cells ranged from i 15 millions to 
X 16 millions, the hemoglobin from 6 6 to 9 5 Gm , and after 10 days of therapy 
there was an elevation in both erythrocytes and hemoglobin The maximum 
reticulocyte responses were 17 x, 17 x, and xx 7 per cent for these cases 

More extensive reports by Spies"® definitely establish the therapeutic value 
of synthetic L caset factor in various clinical types of macrocytic anemia Remis- 
sions were obtained in 5 cases of nutritional macrocytic anemia, 5 with Addisonian 
pernicious anemia, 8 with sprue (fig 4), 3 macrocytic anemias of pregnancy, i 
macrocytic anemia associated with chronic alcoholism, ciahosis of the liver, and 
neuritis, i macrocytic anemia associated with carcinoma of the stomach, and 3 of 
indeterminate etiology No response was obtained in 3 cases of aplastic anemia, 3 
cases of leukemia, and 4 cases of iron deficiencj anemia Dosages as large as 400 mg 
b) mouth were given without ill effects Five cases responded to 10 mg per day for 
ten da) s and all had previously failed to respond to doses of 5 mg per day for 10 
da) s 

Spies, Milancs, Menendez, Koch, and Minnich'’'® extended the earlier observa- 
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tions on the therapeutic value of folic aad in tropical sprue Thc\ emphi« ' 
the fact that fohe acid should be considered an antiancmic substance and th“ f 
IS not necessarilj identical with the antiancmic substance(s) present in Iiv- 
evtract or dried brewer s } cast ponder In treating these cases of sprue the piti 
improved both chmcall} and hcmatologicall} while restricted to a diet d role 
meat and meat products The authors do not recommend such a restriction ml t 
under normal condiuons of treatment but rather stress the importance of a h c- 
vitamin and high pirotcin diet in hastening recover) and com alesccnce Addiiipcj 
unpublished observations b) Spies and his associates m Cuba and Puerto Ri 1 
indicate that folic aad has a profound effect on the ahmentan uact of peno-i 
with sprue Roentgenograms of the gastrointestinal tract shov that the hichli 
irritated small bowel tends to become normal following I casn factor thttip 



There IS also a marked improvement in the diarrhea The number of stoo s ^ 
decreases and the feces, loose and bulk) before thcrapi , usual!) becora. orc^^ 
and esscnuall) normal in appearance (fig 5) It has been 
'thiamine and niacin deficiencies map also contnbutc to the disorder req 
the red tongue of sprue can be relieved promptl) bj the adrainistraiion ° ^ 

alone Folic aad has been found to produce a hemopoietic respond 
tropical sprue simultaneously infected with intestinal parasites ao cv 
presence of severe pneumonia These cases did nor receive an) specific tr 
the infections and hence responded co folic acid despite them 

Clinical evidence for the hemopoietic \alue of sjnthetic folic aci is^ 
accumulating Moore, Bierbaum, Heinle, and Welch,"’ 

Wilson, and Wnghr,>« and Viltcr, Vilter, and Spies All dcMC 

have obtained remissions in all cases of macrocptic anemia ^ i= ’ 

lei el so far reported is that of Doan ct al , who obtained a comp p^j-cnit'aH^ 
case of Addisoman pernicious anemia with 2. mg of folic acid giv F 


Figure 5 




b 

Stool Sample* trom a Ca*e or Tropical Sprue ( S ) Before Treatment and Q >) Folluwlso 
Tre.atmest wtth SyNTHEnc L casci Factor 
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daily for lo days The ability of this substance to maintain a normal blooJ pea 
IS being investigated in various clinics Unul sufficient time has elapsed fortnr 
thorough testing, some doubt must remain as to the completeness nith whid 
folic acid can be expected to replace the standard liver thcrap) emplojcd m sc!}; 
cases However, Doan et al and Spies have independent!) rccommcndcJ foli 
acid for patients sensitive to liver extract and suggest that this is a safe and sms 
factory procedure in such eases Doan et al also tested without success the vj] 
of folic acid in correcting the leukopenia of iniluen2a and the panhematofenia ot 
myelophthisic and idiopathic states 

The administration of the synthetic L caset factor to normal induiduals hn 
been found* to produce no effect on the blood picture Unpublished studio'' 
on 1 8 college students and faculty members selected at random hate been conducicl 
over a period of several months Each person was given 50 mgm folic acid diili 
for two weeks No change in the blood was observed except in those cases shomnj 
slight red cell deficiency In evety case the blood count was normal or siightli 
elevated at the end of admimstration In 4 subjects the daily dose was continued 
for two to three months and the blood picture remained unchanged These obset 
vauons, along with others, suggest that folic acid has no undesirable action undt 
the conditions of these studies 

These recent developments, therefore, offer bright hope for the long sought clc 
to the riddle of macrocytic anemia Before too optimistic a view is taken, howeref, 
It might be wise to reflect on some of the quesuons which must be resolved con 
ccming the place L casti factor occupies in this problem As Moore et al ' and Spi s 
et al point out, complete remissions have not as yet been obtained with tb 
quantity of folic acid which Clark**® has recently shown to be present in then 
pcutic doses of liver extract Moreover, SubbaRow, Hastings, and Elkins'" m 1 
recent review state that Loland, Klem, Strandell, and associates in Sweden have 
obtained hemopoietic responses with o 7 mgm of a liver fraction From t 
description of the properties of this fraction, it seems unhkcl) that it is 1 cntici 
with (or even related to) the L caset factor SubbaRow et al also, on the bisu 0 
their own experimentation, lean toward the view that there is no single antiancBic 
pnnciple in liver but rather that an interaction of as many as three different su 
stances may be required All of these factors may act in such small amounn^i^* 
the chance for contamination seems unlikely In any event, it seems safe to 

thatjL wjM factor IS not extrinsic factor since It acts orally in the absence 0 n 

gastric juice and is also effective parcnterally ^ 

Recent observations by Spies, Viltcr, Cline, and Frommeyer* a 
contribuuon to the knowledge of antianemic substances In one case 0 ma ^ 
hyperchromic anemia in relapse, with persistent histamine refractory ac ^ 
achlorhy'dria, x Gm of thymine were given orally thrice daily for 14 
reuculocyaosis of 14 z per cent was obtained on the eleventh day 0 
on the twentieth day' after treatment the erythrocytes had increase 
millions to z 74 millions and the hemoglobin had risen from 6 } m ti^^^ 

The bone marrow reverted from a megaloblastic to a normoblasric state^^ 

patient had previously failed to respond to 500 mgm of thy mine ora > 
for 6 day s Spies, Frommey er, Viltcr, and English'®* hat c since repor 
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following large doses of thymine in three cases of Addisonian pernicious anemia 
in relapse These patients were hospitalized and were given a diet devoid of meat or 
meat products Doses up to 3 4 Gm three times daily for ii days were used The 
clinical and hematological improvement was found to be similar to that which 
follows the administration of folic acid to patients with pernicious anemia in 
relapse 

Since thymine is part of the nucleic acid molecule, and since nucleic acids have 
long been known to play an important role in cellular metabolism, there is the 
suggestion that antianemic factors are linked to nucleic acid synthesis in some way 
There seems to he little doubt but that liver extracts contain antianemic principles 
that are not identical with folic acid and could not possibly contain sufficient 
thymine Thus Castle s erythrocyte maturation factor must either be the end 
product of the action of these several substances or else be several different sub- 
stances capable of leading to the same end result Should this end result be bound 
in with nucleic acid formation, it would seem, a prton, that folic acid and other 
antianemic factors may act in a similar over-all manner but possibly by different 
routes Until more specific data are accumulated regarding the biochemistry of 
these compounds it would doubtless be wiser to omit further unfounded specula- 
tion There is, however, every indication that the practicing physician will soon 
recognize in folic acid or thymine therapeutic tools of tremendous value in the 
handling of cases of macrocytic anemia in relapse While the effect of thymine is 
of great scientific interest, it is of little practical importance since the dosage re- 
quired IS so very large, being somewhere in the neighborhood of izoo times by 
weight the amount of folic acid required to produce a similar response 
Spies and associates have included pernicious anemia in the group of macrocytic 
anemias that respond to folic acid, despite the fact that they realize that its natural 
pathogenesis is somewhat different from the macrocytic anemia of sprue, preg- 
nancy, pellagra, and from nutritional macrocytic anemia Spies has considered 
that folic acid works as a part of an enzyme system and that it could be built up 
m the body and thus be made into an antipcrmcious anemia factor His working 
h) pothesis, however, is that folic acid in food occurs as a conjugate and that it is 
likely that in pernicious anemia the enzymes are unable to liberate efficiently the 
folic acid, whereas in persons with sprue, pellagra, pregnanej, and nutritional 
macrocytic anemia this substance and substances that act similarly are made more 
available He”"’ and Moore’ have consistently stressed that a satisfactory 
explanation has not been made concerning the fact that a large amount of folic acid 
IS required to produce a satisfactory hemopoietic response in contrast to a highly 
potent liver extract in which the active substance is smaller This naturally leads 
to the thought that perhaps the folic acid conjugates are stored in our bodies and 
that liver extract ma> contain a substance capable of liberating from them the 
substance which acts on the bone marrow' 

Toda) at least four erj stalline compounds have been obtained from liver, ) east, 
and other sources These compounds have somewhat different properties, and 
soon their relationship one to the other wnll be greatly clarified, since the chemical 
structure is becoming know n 
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The liver L casei factor has been isolated and synthesized, and the formula 
which IS as follows, has recently been announced 

CCX)H O M, V 

1 II r V ,-NH 

o— Cl 


HOOC— CHo— CHo— CH— NH— C— NH-CH.-| 


•N/\/ 

I 

OH 


N-[4-{[(x-Aniino-4-hydroxy-6-ptcridyJ) incthyl]amino}benzo)l]glutamic Aa' 

The fermentation L onset factor differs in the number of molecules of glutani 
acid, as they both contain the same heterocyclic nng structure Perhapi the ten 
pteroylglutamic acid will be a suitable chemical name for the liter L oi 
factor 


Spies, in unpublished observations, has had cases of Addisonian pcrniao i 
anemia, nutritional macrocytic anemia, and sprue which have gi\cn comfl t 
remission and have developed normal blood values In those eases which did r '' 
develop entirely normal blood values, synthetic vitamins and liter evtract ucf 
tried independently and together and in no instance produced any augmcntitioi 
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TREATMENT OF LWE^ EXTRACT SENSITRTTY 

Steven O Schwartz, M D , and Helen Legere 

W ITH the rapidly increasing use of parenteral liver extract, the therapeutic 
problem of the development of sensitivity to liver extract has become 
increasingly common That this problem is frequent enough to be of practical 
importance is illustrated by the fact that 68 of 396 out-patients (17 per cent) having 
pernicious anemia and receiving liver extract injections developed manifestations 
of sensitivity during the period of this study from 1940 through 1945 * 

The first report of sensitivity to liver extract was that of Schlesinger in 1930 
In 1943 Kaufman, Farmer, and Reich* collected 35 reports from the literature deal- 
ing with 50 cases and added ii more Large senes were concurrently reported by 
Barfred* (19), Feinberg, Alt, and Young-* (8), Delikat’ (14), and others J Since 
with prolonged therapy the opportunity for sensitization increases and since more 
and more patients arc receiving liver injections, those becoming sensitized will 
almost certainly increase in number 

The types of reactions encountered in our cases were similar to those previously 
desenbed and varied from itching, slight flushing, tachycardia, cough, nasal and 
ocular discharges, and localized urticaria to generalized urticaria, weakness, faint- 
ness, nausea, vomiting, broncho-spasm, asthmatic reaction, substernal pain, col- 
lapse, rigor, profound shock, and rarely death It is interesting to note in this con- 
nection that the only fatal reaction reported in the literature is that of Morgans,** 
implying that reactions of extreme seventy are practically unknown However, 
we know of at least one case in which an injection of liver extract was followed by 
death Of incidental interest in this case was the fact that the patient was given 
liver extract for an anemia not of the type characteristically responding to liver 
In addition, we have seen three reactions in patients of known sensitivity, to whom 
hver extract was inadvertently given in large dosage Had it not been for the im- 
mediate injection of epinephrine solution, death might conceivably have ensued 
The first symptom of sensitivity occurred at any time during the course of therapy, 
and occasionally with the first injection In some cases no symptoms were noted 
until several years after the commencement of therapy As a rule the reacaons with 
each succeeding injection became progressively more severe though occasionally 
they ceased spontaneously after one or even two or three episodes 
There is no universal agreement as to the cause of sensitization to liver extract 
R> ne and Tocantins** felt that the sensitization in their case was that of a bio- 
logically specific type Their patient was very sensitive to liver but most especially 
pork liver and pork tissue On the other hand, Feinberg, Alt, and Young-* found 
positne skin tests with pork, beef, and horse liver They^ did not feel that the 

From the Hchtoen Institute for Medical Research of the Cook Count} Hospital Chicago III 
Aided hi a grant from the Wilson Laboratones 

The Antigen H used in this stud) was furnished bs the Parke, Das is &. Co Laboratones 
During this same penod the senior author obsersed the same phenomenon in 5 pnvatc patients 
t To these must be added the singular cases, of which the authors hear continualls but svhich are 
neser reported Publicanon of these would serve to emphasize the commonness of the cipcnence 
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protein of the liver was the sensitizing antigen, but rather that the anti jxraiac i 
anemia pnnapie was in itself an tigemc and therefore was neither species nor o 
specific Kaufman, Farmer, and Reich* felt that the brand of the Iner nu ' n 
difference, thereby implying that the different ammal sources is ould also beof 1ml 
significance Our own clinical observations are in disagreement with both Fcic 
berg s and Kaufman s conclusions regarding the speafic sensitnit) to the in 
pernicious principle and the lack of difference in brands of liier Alibo 
considerable disagreement exists as to the fundamental cause, there is general 
ment that the reaction differs in nowa) from ordinar) foreign protein sensitiiatiir 
and that the type of reaction seen in liver extract sensitivit) has, in common with 
other allergic responses, the sj^mptoms caused b) tissue reaction to histarain o 
the so-called H substance 


TREATMENT OF THE PATIENTS WITH REACTIONS 

It IS obvious that with so man) ccactioas the problem of treatment becomes rerr 
important Numerous suggestions for the treatment of liver extract sensitirm 


Table i — Summary af Gists testb Rtadtens to Lirtr Extrad and Thtrsp 


Cftsci 

Treatment 

KewU 

3 

No therapy 

No recurrence of rcacnons 

1 

Reduction of dose 

Tolerance to i cc. dose (rtgnlir dox ) «- 

7 

Changed to crude hser extract 

No recurrence of reactions 

M 

Changed brand of Iner extract 

No rccurrCDCc of rcacnons 

9 

Changed brand of hver extract 

Recurrent reacaons 

M 

Simple desensitizaaoo 

No recurrence of rcacnons 

5 

[ Repeated simple dcscasiaziaoa 

No recurrence of rcacnons 

3 

Simple desensitizaaoo 

Recurrent rcacnons 

9 

Data incomplete 

Disappeared from observanon 

lo 

Antigen H 

Disappearance of reactions 

I 

Antigen H 

Tolerating small doses 


have been made (table i) Lasch* suggested calcium, orall) and 
together with the administration of parathyroid to raise the bio 
Corelli- proposed the administration of increasing doses of histamine 
histamine refractonness Histaminase was suggested b) Ta) lor an ' 
inactivate histamine Grun,* Krantz,' Delikat,’ McSorlc),’ an niani^o 
proposed desensitization by progressively increasing doses of liver cxtrirt 
It IS seldom that one is immediately aware of the first reaction, since t ^ ^ 
has left the clinic bj the time the untoward symptoms manifest 1,^5 

often the patient fails to mention that anything unusual has happen 

* We have not used the technic of desensinaation adtocated b\ cocJ=’ 

tcsnltJ are apparcorJf not dissimilar to our oivn We disagree howc\-er, ij-neir-' 

reacnoas tend to recur if injections arc spaced at several vreek intervals ^ tpr*' ' 

intervals between injections should on no account exceed four weeks 
found no stansacal dilFcrencc in the inadencc of rcacnons in the groups o pin 
injection at intervals varving from one to six weeks 
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had several increasingly severe reactions When the patient comments that he had 
flushing or itching after the previous injection, it has been our first procedure to 
reduce the dose of liver The customary dose of liver extract in our clinic has been 
3 cc of a liver extract of lo units per cc potency and, depending on the patient s 
need, varying the time interval between injections With the history of a previous 
reaction, the dose is reduced to i cc , and if no reaction occurs o 5 cc is added at 
each subsequent visit until the full dose of 3 cc is again reached During this time 
the interval between doses is reduced from the usual one of two to six weeks to 
one week If, however, the i cc dose still elicits a reaction, the dose is reduced to 
o I cc * In this case, the dose is again increased by o i cc weekly until i cc is 
reached If this is well tolerated, the increment becomes o 2. cc until z cc is reached, 
then o 5 cc to 3 cc Once the full maintenance dose is again- reached the intervals 
are once more gradually lengthened, depending upon the patient s needs By this 
simple procedure we have been able to desensitize zq patients 
In 3 cases, the patients failed to mention a previous reaction until after the sub- 
sequent full dose was given In none of these cases was the second injection fol- 
lowed by any untoward symptoms, and it must be assumed that the reactions were 
of a minor nature or possibly due to the batch of liver used How often episodes 
of this type may have occurred without our knowledge is impossible to estimate 
but IS probably quite high 

In one case, it was possible to desensitize the patient and maintain him on z cc 
doses, but any attempts to increase this resulted in allergic reactions 

Nine patients in the present series and the 5 private ones were changed to other 
brands of liver extract without recurrence of reactions (beef plus pork to beef) 
It must be emphasized in this connection that when the brand of liver is changed 
the new liver extract should also be given in reduced dosage Our custom has been 
to begin with i cc of a 10-15 unit liver extract and increase this by o 5 cc incre- 
ments until the full dose is reached One of our cases illustrates the importance of 
observing this precaution This patient was originally treated with a certain liver 
extract Subsequently he was maintained for several years on a diflTerent brand 
When he was inadvertently changed back to the original liver he developed a 
profound shock-like reacuon He had apparently been sensitized by the first liver 
and manifested severe sensitivity when this was again used several years later 

An occasional patient sensitive to purified forms of extract appears to tolerate 
cruder ones (z units per cc of the same manufacturer) without reaction This 
would support the opinion of Feinberg ct al that the sensitization is to the liver 
extract principle itself There were 7 of these in our group Eventually some of 
these patients again tolerated purified extracts, while others remained sensitive 
to them 

In 9 cases, though repeated attempts were made to change the brand of liver, 
reactions recurred 

In 5 It was possible to desensitize with the same extract by repeated attempts 

For the immediate treatment of a reaction we use epinephrine solution i looo in doses of o 3 cc to 
1 o cc subcuuneouslj It is one of the inflexible rules of the dime that cpincphnne solution is alwa) s 
It hand and atailablc immcdiatel) in case of a rcacnon 
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In these cases there was a recurrence of reacuons upon reaching a certain amo-. i, 
whereupon the dose was reduced and again gradually inacascd Ultimateir'ali 
5 became completely desensitized and had no subsequent recurrences 
In 3 cases the desensitization was completcl) unsuccessful In none of thes. nn 
the attempt made to desensitize with Anugen H, since these patienrs wer, 
unable or unwilling to cooperate * One of these patients dci eloped a sensitivm 
not only to parenteral and oral liver extract but even to small amounts of oril 
liver She was ultimately poorl) maintained on inadequate doses of siomidi 
preparations 

Nine additional patients manifested sensitivity but their records arcincompl i 
They disappeared after cither the first relativcl) serious reaction or soon jfiu 
descnsitizaaon was begun 

There were ii patients in whom the above described mancuters to recstablisb 
adequate levels of parenteral liver therapy failed These were treated w ith Ann 
gen H and, with one exception, were successfully desensitized Thej represent^ 
the most difficult cases and posed not only a therapeutic challenge but a practiul 
problem of prime importance, since a number of them had neurologic chingci 
for whose alleviation parenteral therapy may be said to be mandaton In additioa 
It was economically impractical to maintain them on oral liver or stomach cxtrin 
All but one of these cases arc now toleraung full maintenance doses, though soit' 
arc still receiving Antigen H The one exception now tolerates larger amounts 
of liver and is receiving adequate doses for maintenance f 

NATURE OF ANTIGEN H 

Antigen H is para-amino-bcnzoyl histamine coupled with a protein f h ssis 
prepared as an antigenic complex which could engender antibodies whose specih'- 
ity would be determined b) the histamine portion of the molecule The antib r 
thus formed would act as a neutralizer for the histamine or H substance re cis ^ 
by the tissues in response to sensitizing substances It thus seemed logical m use 
Antigen H in the hver extract sensitive patient, whose scnsitnit) ulnmiK f 
depended on the liberation of histamine or the H substance 

In the lo pauents (tables e, 3, and 4) whose liver extract scnsitnit) di 
spond to previous!) discussed means of treatment. Antigen H was mpci ^ 
subcutaneously in doses starting with o i cc along with the maximal to era 
dose of liver The two substances were in)cctcd scparatcl) , the lircr 
intramuscularly The Antigen H was increased b> o i cc wcchl) unn ^ 

ticnt was receiving 1 o cc Concurrently the dose of the liver was also 
and It was found in most instances that the patients tolerance to it I'ss ^ 

enhanced The Antigen H administration was discontinued in some cases 

* One of these patients became cvncmeh xltcrgic to parcnicra) hver and had to hoip j' ‘ 

liver extract Too jears ago be disappeared from observation and has just teen ej 

relapse At the amc of this svriung he is tolerating full doses of liver extract vnt out an 

festanons __ riueeu ta-' " 

t It will be noted that the abo\e cases do not add up to 6S This is breauie s i 

than one episode of scnsimicv and were \anousIi treated 
J Parke, Dans and Co 



Table 2_- — 'Reactions to Liter Extract Treated with Histamine H 
Case J Curtis G , 42 Yrs , Colored Male 


Date 

Dose 

Brand of Li\ cr 

Remarks 

1/7/41 to 

0 3 cc. 

Assay liter (Wilson) 


I/I9/4I 




i/io 

0 3 cc. 


Reacnon 

i/ii 

3 0 cc 

Wilson (10 nmt) 

Reacnon 

1/30 

0 5 CC 



i/6 

1 0 cc 


Reacnon 

i/13 

I 0 cc 

Cainpolon 


■lIix) 

X 0 cc 



0 . 1 x 7 

3 0 cc 



3/6 

4 0 cc 



3/1’- 

3 0 cc 

Wilson (10 unit) 

Reacnon (collapse, sjneope. 




shock) 

3/V/41 to 


Oral hver extract (Wilson) 


ii/ii/44 




ii/ii/44 

0 I cc 

Wilson (10 unit) 

Anngen H 0 i cc 

11/30 

0 1 cc. 

(moderate reacnon) 

0 I CC 

J1/7 

0 I cc 


0 3 cc 

li/14 

0 1 cc 


0 4 CC 

li/ii 

0 X cc 


0 5 cc 

ii/i8 

0 3 cc 


0 6 cc 

1/ 4/45 

0 4 cc 


0 7 CC 

1/17 

0 5 cc 


0 8 cc 

1/14 

0 6 cc 


0 9 CC 

i/i 

0 7 cc 


I 0 CC 

1/8 

0 8 cc 


I 0 CC 

i/t 5 

0 9 CC 


1 0 cc 

i/ii 

1 0 cc 


1 0 CC 

3 /t /45 

1 I cc. 


1 0 cc 

3 /t 5 

I 2. cc. 


I 0 cc 

3/ii 

I 3 cc 


1 I 0 cc 

3 /t -9 

1 4 cc 


1 I 0 cc 

4/5 

I 5 cc 


I 0 cc 

4/19 

I 6 cc 


I 0 cc 

4/16 

I 7 cc 


I 0 cc 

5/3 

1 8 cc 


I 0 cc 

■oh- 

X 0 CC 


I 0 cc 

5 /m 

X 1 cc. 


I 0 cc 

5 / 3 t 

i 6 cc 


I 0 cc 

6/7 

3 0 cc. 


I 0 cc 




(Itching nghtness in throat) 

6/14 

3 0 cc 


Antigen H i 0 cc. 

6/ii 

3 0 cc 


I 0 CC 

7/5 

3 0 cc 


1 0 cc 

7/^6 

3 0 cc 


I 0 CC 

9/11 

3 0 cc 


I 0 cc 

10/3 

3 0 cc 



10/-1 

3 0 cc 



11/14 

3 0 cc 



11/31 

1 3 0 cc 



i -'^6 

' 3 0 CC 



1^16 '46 to 3 0 cc. 



5 /-' 4 f 

i 




3 “ 



TREATMENT OF UVER EXTRACT SENSITnTn. 


Table 3 — Kfocttoru to Lsrer Extract Treated tettb Htstamtra H 
Case 10 Elizabeth W ^ )4 Yrs , White Female 


4/6 /39 
4/13 

4/10 

4/2-7 

5/4 

6/1 

7/6 

8/3 

9/7 

0/ IX 
0/19 
o/x7 

7/3 /41 
7/3 /41 
7/7 
7/8 
7/9 

7/10 

7/11 

7/11 

iIh 

ih-i 

yli(: 

ihi 

7/18 

ihs 

7 /m 

llxf, 

7/32 

8/7 

8/14 

8/xi 

8/18 

9/4 

10/2-3 

I1/6 

3/5 /42- 
3/12- 

4/9 

4/2-3 

5/6 

5/2-1 

6/4 

6/18 

6/2-5 

ll-L 


Dose 

Brand of Li\cr 


0 

n 

n 

LiU) 


X 0 CC, 

Armour 


3 0 CC 

Lcdcrie 


3 3 cc 

Lederlc 


3 3 cc 

Ledcrlc 


3 3 cc. 

Lcderlc 

Reaction 

X 0 cc. 

Wilson 

Reacnon 

I 0 CC 

Lilly 


I 0 cc. 

Lilly 


I 0 cc 

Lilly 

Reacnon 

0 X cc. 

Wilson 


0 4 cc 

Wilson 

Reacnon 


oral liver and liver extract 


o o cc 
o i cc, 
o 3 cc 
o 4 cc. 
o 5 cc 
o 6 cc, 
o 7 cc 
o 8 cc. 

0 9 cc, 

1 o cc, 
o 5 cc, 
o 6 cc 
o 7 cc, 
o 8 cc 

0 9 cc 

1 o cc, 
o 5 cc, 
o 75 cc 
o 5 cc, 

0 75 cc. 

1 o cc. 

I 5 cc 
I 5 cc, 

L O cc 

1 o cc. 

L O CC 

X o cc. 

I o cc. 

I 5 cc 
I 7 cc, 
o 5 cc. 
o 7 cc, 
o 8 cc. 

0 7 cc, 

1 o cc 


Wilson Cio unit) 


Local tenderness and swclliii| 


Itching face and hands 
Itching, redness hands 


Itching headache, nans-a 


Slight reacnon 


(crude 1 unit) 
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Table 3 — ConcJuJtd 


Date 

Dose 

Brand of Liver 

Remarks 

7/9 

I 0 CC 



7/16 

I 2. cc 



7/13 

I 5 cc. 



7/30 

r 0 cc 



8/6 

1 5 cc 



8/2.7 




19 injccnoQs 

3 0 cc. 

Wilson (^crude, 1 unit) 


to 4/8/43 




4/15/43 

u 

u 

0 


Antigen H 0 i cc 

4/2-3- 

3 0 cc 


0 1 . CC 

4/1-9 

3 0 cc 


0 3 cc 

5/6 

3 0 cc 


0 4 cc 

5/13 

3 0 cc. 

(crude, 10 unit) 

0 5 cc 

5/1^ 

3 0 cc. 


0 5 CC 

5/1-7 

3 0 cc 


0 6 cc 

6/3 

3 0 cc 


0 8 cc 

6/10 

3 0 cc 


I 0 CC 

7/1 

3 0 cc 



7/15 

3 0 cc 



8/18 

3 0 cc 



9/16 

3 0 cc 


Itching palms and redness in face 

9/1-7 

0 5 cc 

(crude, 1 unit) 


10/7 

I 0 cc 



10/2.7 

1 5 cc 


Anugen H 0 5 cc 

II/4 

1 0 cc 


0 6 cc 

Il/ll 

z 5 cc 


0 7 CC 

Il/l 

3 0 cc 


0 8 cc 

1/6 /44 

3 0 cc 


0 9 CC 

1/3 

3 0 cc 


I 0 CC 

1-/17 

3 0 cc 



2-/14 

3 0 cc 

(crude, 10 unit) 


3/2-1- 

0 5 cc 



4/13 

I 0 cc 



4/2-7 

1 0 cc 



5/11/44 

3 0 cc 



1/3/46 

injecaoas o£ 3 0 cc. Wilson fio unit) 


to 5/1/46 




It reached i o cc In some, tolerance to full doses of liver persisted without further 
administration of Antigen H, whereas in others there again developed various 
degrees of sensitivit) which necessitated the rcadmmistration of the material 
Evaluation of therapy of this nature is extremely difhcult and must be inter- 
preted tMth caution since spontaneous loss of sensitivity is so common However, 
the fact that the cases utilized for this senes were all found to be extremely sensitive 
and had been extensively studied pre\ lously , plus the fact that we were able to get 
consistcntK rather good results, makes us believe that the Antigen H was of 
\ aluc Notv. ithstanding this general impression it is notew orthy that the analysis 
of an\ single case might make one doubtful of the x alidity of these conclusions 



Tablb 4 — Summurj of Casts mth Ltvtr Extract SmstUvsty Treated u/sth Anttgen IT 


TREATMENT OP UVER 
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TRBAT^rENT OF UVER EXTRACT SENSnTS'ITT 


No untoward results were noted with the Antigen H with the exception of ;n 
occasional small tender mass which persisted for some days at the site of ih 
injection 

With the promise of synthetic preparations which may eientuall) replace liver 
therapy (oral folic aad) and with the encouraging reports on oral anti histamin 
preparations the problems herein discussed may take their place uith other anti 
quated medical questions which at the time of their practical challenge arc quite 
baffling but in retrospect completely lose their value and significance 

SUMMARY 

Scnsmvity reactions to the parenteral administration of liver extract arc not 
uncommon They were present in 68 of 396 patients (17 per cent) receiving liver 
therapy 

The symptoms of sensitivity to liver extract are those of anj foreign protein 
reacuon 

Various technics can be used to circumvent reacuons and still maintain patients 
on adequate doses of liver extract 

These methods are 

A ^hanging the brand or type of liver extract 

B Reduang the dose of liver extract 

C Desensitization with liver extract 

D Utilizing a histamine-protein complex as an antigen to produce histamine 
anubodies 

The latter method was successful in 10 of ii cases in which other methods had 
been without effect 


REFERENCES 


1 Baritled, a Invcsngation into biological effects of liver extracts ■mth special rcfctcnce to pinti 
stimulating pnnciplc Acta med Scandinai (Supp ) j}i 1941 

• CoRKUJ F Forze Saniurie quoted b) DcliLat, 1935 

* Delikat, Euzabeth Intolerance to liver extract in pernicious anemia Bnt M J r 539 i^l 

< Feinbeso S M Alt H L Youno, R H Allerg> to injectable liver extracts, climcal and imc 
nological observations Ann Int Med iS 311, 1943 _ .. 

‘ GeOn, G Ucbcrcmpfindlichkeit gegen parenteral -verabreicbre Leberpraparate bei emcm 

pemizioser Anaemic Wien klin Wchnschr f; 751, 1934 , ^ 

® Kadfaian R E Farmer L , Reich, C Allergic reacuons to liver extract Ann Int i 1 


^943 I A ^ 

’ Krantz, C I Anaph)lacnc reacuons following medicauon with parenteral liver extract 

110 Sol, 1938 ^ /' 

* Lasch F Gber Allergische Svmptomc bei Parentcralcr Lebcrthcrapie ^\icn m 
il6 1936 

’McSorlet J G Daxtdson L S P Scnsitnit) to liver exuact But M J a ^ 

v' M organs C C Intolerance to liver extract in pernicious anemia (leucr to the itor 


uRtnes, S E, Tocantins L M Airbus c)-pe of sensitiv it) to liver exuact J - 

U ScHLESiNGER, W ZuT Fragc dcs Lebcrbchandlung bei pcmizioser Anaemic a s 

thcrapic Wien med Wchnschr So 696.1930 „ cvstcmic rcar'-^"’ 

Taylor, C B , Hilger D W The use of histarainase bv mouth in preventing ) 

parenteral liver extract JAMA iiy iSSo 194^ 



RUPTURE OF THE SPLEEN IN INFECTIOUS MONONUCLEOSIS 

A Clinicopathologic Report of Seven Cases 

By Major E B SmxH, M C , and Lt Col R P Custer, M C 

I NFECTIOUS mononucleosis is properlj regarded as a bemgn disease When 
death occurs it can be ascribed to a complication rather than to the disease 
itseh Pneumonia, edema of the glottis, and hemorrhage from a deep tonsillar 
ulceration w^cre terminal conditions in a few cases of which we have personal 
knowledge Rupture of the spleen has received little attention as a possible com- 
plication of infectious mononucleosis as is evidenced by the fact that only 3 well 
established cases have been reported in the literature (Darley et al ,’ King,i 
Ziegler^) In 19x1, before the disease was regarded as an entity, Friesleben'* de- 
scribed spontaneous rupture of the spleen in a case that was probably infectious 
mononucleosis The seriousness of splenic rupture in infectious mononucleosis is 
emphasized by the 4 deaths in our series of 7 cases, as well as in 'Ziegler s case 
Splenectomy resulted in cure of the others 
That infectious mononucleosis is a not uncommon cause of splenic rupture is 
indicated by the relative incidence of the condition in the files of the Army Insti- 
tute of Pathology Of 44 cases coded as Spleen, spontaneous rupture, infectious 
mononucleosis stood second as a cause in 7, exceeded only by recurrent malaria 
in IX (table i) 


report of cases 

The 7 cases to be described arc represented by specimens and records at the 
Army Institute of Pathology, 6 having occurred in military personnel during 
World War II, the seventh having been contributed by a civilian hospital The 
diagnosis of infectious mononucleosis was made by careful examination and com- 
parison of the pathologic material and the histones, the striking constancy of the 
histopathologic picture in the spleen served to substantiate our opinion that the 
diagnosis in each case was valid 

It will be noted in several cases that rupture of the spleen is followed by a reversal 
of the differential formula of the Icukoc) tes, with neutrophils predominating 
This ma) prove confusing unless one considers two factors first, hemorrhage into 
a serous cat it) is almost invariably followed by a striking neutrophilic leukocyto- 
sis and, second, the bone marrow in infectious mononucleosis is normal and fully 
capable of responding to this stimulus to the point of overshadowing the pre- 
existing abnormal 1) mphoc) tosis 

Cajti^AIP No A V hire officer aged j ears entered the Station Hospiul Campiruin on 

Noxember^ 1543 with primarx complaints of constipation and malaise He had not felt up to par for 

From the Arms Institute of Pathologx Washington, D C 
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RUPTURE OF SPLEEN IN INFECTIOUS MONONUCLEOSIS 


Table i 





Cellular 
* Infiltration 

Folhcles 

Sinu_es 

Cells 


J 

1 

1 



0 










r 

Cl 








Case 

A IP \o 

C 3 

k. 

3 

tt 

V 

*0 

u 

u 

CJ 

J 

E 

0 

3 

C. 

e 


a 

£ 

CJ 

tt 


rI 

StJ 

1 > 
; - 1 
- C .3 

i M 
Ll! 

' a. 
0 

* a 

i 

1 

c 

a 

1 

1 2 

1 r 

i £ 

(J 

& 

2 

c 

V 

g 

1 ~ 

I T 



a 

< 

> 



L_ 

tr 

1-9 


F 

< 



L 

1 - 



F Z 

King ct a] 

+ 

— 

— 

■ — 

. _ 

_ 

— 

. — 

— 

— 

4 

— 

■ w- 




4 


^ (h 

Ziegler 

+ 

, — 

- 

■ - 

+ 

• 4 

4 

- — 

— 

— 

4 

4 

. — 

— 

— 

+ 

— 


Darlcy ct al 

+ 

— 

— 

■ — 

— 

4 

4 

. — 

— 

4 

4 

— 

- 

4 

- 

+ 

- 

1 1 

I 

103388 

+ 

+ 

-b 

-b 

— 

4 


-- 


4 

4 

— 

— 

— 


— 

— 

2 - 

z 

101434 

+ 

+ 

+ 

-b 

- 


4 - 

- 

- 

4 

4 

- 

- 

- 

- 

- 


w' ; u 

3 

2492-79 

± 

+ 

+ 

-b 

+ 

4 

■ — 

— 

- 

4 

4 

- 

- 

- 

- 

- 


1 42' 

4 

1001x4 

-b 

+ 

-b 

+ 

-b 

4 

4 

— 

- 

4 

4 

- 

- 

- 

- 

- 


• id 

5 

144648 

-b 

-b 

-b 

-b 

-b 

+ 

4 

— 

- 

4 

4 

- 

- 

- 

- 



425 - 

6 

9442-5 

+ 

+ 

+ 

-b 

+ 


4 ~ 

- 

- 

4 

4 

- 

- 

- 

- 

-j 


42 

7 

67260 

+ 

+ 

-b 

-b 


4 

4 

— 

— 

— 

4 

4 

4 

4 


— 


? 

8 

233724 

— 

— 

— 

— 

— 

— 

4 


-- 

— 

_ 

- 

— 

- 

- 


1 1 

' M 

530 

9 

1530-5 

— 

+ 

— 

— 

— 

4, 

— 


— 

“ 

— 1 

_ 


— ■ 


+ 

+ 

7 io 

lO 1 

130836 

- 

- 

+ 

- 

- 

-h 

1 4 

- 

- 

- 

- 

4 

- 

-j 


— 

“1 

510 

II 1 

244235 

— 1 

— 

— 

— 

— 

-h 

1 

4 | 

— 

— 


- 

- 

— 

- 

+ 

+1 

ih 

IX 

232093 


- 

- 

- 

— 

+ 

1 - 

- 

- 

4 

“1 

- 

- 

- 

- 

+ 

•^1 


13 

233015 

-I 

- 

- 

- 


- 

1 - 

- 


+ 

- 

- 

- 

- 


4 

+1 

6 . 1 3 

14 

125720 

± 

— 

— 

— 


4 

4 ' 

— 



1 — 

— 1 

— 

— 


+ 

•^1 

I'S s- 

15 

25435 

+! 

— 

— 

— 


4 

■“i 

4 

— 

— 


“ 

— 

— 

— 

4 

7 i 


i 6 

248944 


— 

— 

1 — 

1 — 

, 4. 

— 

4 

, — 

■ — 

, — 


- 

- 

4 

4 

■b' 


17 

245522 

- 

- 

- 

- 

— 

4 

4 

4 

4 

4 

- 

- 

- 

- 

- 

+ 

■^1 


i 8 

47352 1 

-b 

“1 

+ 

— 

— 

4! 

— 

4 

- 

4 

- 

4 

1 - 

- 

' 

4 


5 " 








1 












• 

— — 

19 

53405 











1 

1 

4 

4 

— 


' — 

- 



-1 


xo 

23606 

— 


— 

— 

— 

4 * 

— 

— 

4 

4 

- 

- 

- 

- 

X 

"1 

"i 

1 - 

XI 

I60-80 

— 


— 

— 

— 

4 * 

— 

4 

4 

4 

— 

— 

— 

— 

X 

"1 



XX 

107148 

— 

— 

— 

— 

__ 

4 

— 

— 

4 

4 

- 

- 

4 

- 

4 

■"t 

1 

-2-7 

5-3 

241054 

± 



— 

— 

4 

4 

— 

4 

4 

— 


— 

"" 

4 

:! 

- 'fi 

2-4 

239321 

1 

dr 

-b 

- 

-b 

- 

4 

- 

4 

- 

- 

- 

- 

- 

- 

-1 

1 

4*1 

- 

j-o 2 

w Z 

2-5 

92103 

+ 

-b 



+ 

-b 

4 

4 

— 

— 

— 

— 

- 

- 

- 

'1 

-.1 

1 

U 

- I-- 















. 



— • 

— — * 



x 6 

238-45 

r 


— 

— 


— 


— 

— 

— 

- 

4 

-| 

_l 

i 

1 

- 



2-7 

S95I6 

- 

~l 

"( 

- 

- 

4 

4 

— 

— 

— 

— 

— 


( 


! 



x 8 

72555 

— 

~l 


— 

— 

— 

— 

— 

— 

— 



1 

1 

— 


1 













1 

1 



-2 I 



2-9 

3° 

15x011 

II007I 

-b 

— 

j 

-b 

± 

-1 

+1 

4 

4 

4 

4 


4 

— 

- 

4 

"i 

1 

" 1 

/ 

- 

- 

-5 ^ 

^I 

61IOI 

— 

— 


— 


~ 


— 1 

4 

4 

— 

— 

1 





’ J: 
I’' - 

32- 

33 

237203 

S990I 


- 

-l 

“1 

1 

+1 

1 

+1 

1 

^1 

4 

- 

- 

-^1 

A 

J- 

a. 

I 

T 



X 


* Spleen vraght not given, but organ noted to be enlarged 
f No matenal for examinanon in ii addinonal cases of chronic malana 
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3 \M:cks and thought that he had had bouts of fc\cr T«o days before admission he had been gisen min- 
eral oil and cascara at his Battalion Dispensary without relief from constipation, and the following day 
had transient sharp abdominal pain, but continued on duty The day of admission he \omited seseral 
times and expencnced a few severe cramps Physical examination disclosed no abnormalities apart from 
moist rales and poor heart sounds, blood pressure was 90/40 mm Hg Although the patient slept well 
and his color and the quality of his pulse improted, he became extremeh dyspneic when lying on 
the back or right side, and moderate tenderness was elicited oser the splenic region During the day of 
November 5 tympanites developed and the blood pressure fell again to 80/60 mm Hg At operation 
about a liters of panially clotted blood was removed along with the spleen, which weighed 470 Gm 
The removed organ was soft and fnable, and presented several bleeding lacerations of the capsule 
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Heterophil antibody titration was not done Urinalyses were negative 

The day following splenectomy the patient s temperature rose to 105° F and he developed a cough 
productive of mucopurulent material The diagnosis of pneumonia was made, the patient placed in an 
oxygen tent and sulfonamide therapy instituted On the tenth postoperative day separation of the appar- 
entlv healed wound occurred and was repaired under intravenous anesthesia The patient died the fol- 
lowing day At autopsy the immediate cause of death was found to be pulmonary arterial thrombosis 
The diagnosis of infectious mononucleosis is strongly suggested by the history of an illness char- 
actenied by malaise and fever of 3 weeks duration mild enough that the patient could remain on duty , 
but productive of an enlarged spleen which ruptured This impression is strengthened by the presence of 
histologic changes in the spleen and other tissues idenucal wuth those found consistently in proven 
cases of this disease 


Case i(A 1 P No 1024)4) A young officer of unstated age was admitted to the and Evacuation Hos- 
pital on July 17 1943, with a history suggestive of infectious mononucleosis of 15 days duration 
His blood smear contained atypical lymphoid cells warranting a tentative diagnosis of that disease 
The same evening the patient suffered intense abdominal pain with associated spasm and rigidity Sple 
nectomy was performed the next day and a small piece of liver removed for biopsy, clotted blood was 
found in the peritoneal cavity The spleen weighed 494 Gm measured 18 x 11 x 3 5 cm and its capsule 
"as rent at the lower pole 


July 17 

Julv iS 
Julv 30 
August 10 
August 10 
August 30 


Laboratoiy Data 


LeuIv.oc> tes 

Majority abnormal 
ly mphocytes 

11,450 


4,100 


Heterophil 

Aa?lutination 

I 80 

I 80 

I 40 
I UD 


Rxco\cn was uneventful The diagnosis of infectious mononucleosis was based on the clinical course 
^ normal blood picture and falling heterophil annbodv titer dunng the recovery phase 
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Case }QAIF Ne /4J275) A white soldier of i4 reported to his Battalion Dispensary at S 45 A M , 
Febraat) 8, 1945, with complaints suggesavc of acute gastritis He was referred to the 38th Evacua- 
tion Hospital with the tentative diagnosis of acute hepatitis without jaundice On admission at 
10 55 A M his condition was regarded as good He was dead at ii _o A M 

The peritoneal cavit} contained 4 liters of partially clotted blood The spleen i as enlarged to four 
times normal size and showed extensile areas of laceration with the splenic pulp bulging out The 
parenchyma was soft friable, and grai purple the splenic arten and vein were normal Fever s patches 
were shghtly hjpertrophic, but no lymph node enlargement was noted Other organs appeared normal 
on gross inspection Malanal parasites were absent in smears, and cultures of feces, spleen, and bile were 
negative for pathogenic organisms 

The diagnosis in this case was based ennrelj on a companson of the histopathologic observations 
with those m known cases of infectious mononucleosis, the appearances in the spleen and lymph nodes 
being espeaall) clear-cut 

Case 4(A 1 F No 10012^ The patient, a white officer 19 years old, had felt achv, ared, and listless 
for II days, during the last 3 of which were added the symptoms of fever aching of eyes anorcua, epi- 
gastne distress, abdominal cramps and diarrhea On the tenth day cramps and diarrhea ceased, and 
severe frontal headache and nasal discharge began On admission to the Station Hospital, Fort Benning, 
on October 11, 1943 it was noted that his skin was flushed and dry, his pharynx reddened, and hissclerac 
slightly icteric Cervical lymph nodes were enlarged the epigastrium tender, and the spleen palpable 

Lahoratory Data 






BC 





Hetero- 

Cepb&lio 



R B C 

Hb 

rrhera 

\eutro 

Lympho 

Memo 

Eos 

pbn FloccuUtion 



Df) 

( 7 c) 
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( 7 c) 
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ro 
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IX 
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80 

17 5 

8 

7 a- 

zo 


1 1180 

4+ 

Oct- 

13 

4 a 

90 

la- 5 

74 

a-5 

1 



1+ 

Oct 

19 

3 5 

75 

13 a. 

50 

39 

II 




Oct 


a- 9 

65 

14 0 

84 

8 


8 



Oct 


3 8 

80 

10 7 

73 

XI 


6 

1 160 



Urine ictcnc index, and prothrombin time were within normal limits and the Kahn test was negauve 
The patient had hookworm disease, which probablj accounted for the slight eosinophilia 

An attempt was made to palpate the spleen on October 18 (the eighteenth day of the disease) where- 
upon symptoms indicative of splenic rupture suddenK appeared and were confirmed at operaaon 5 hours 
Hter The spleen was not weighed but it measured 19 x ii x x-j cm Its capsule was thin, its pulp semi- 
fluid, and a huge rent extended from the upper pole into the midzouc in a ragged, serrated contour 
The reasons for the diagnosis in this case are quite clear The patient left the hospital on November 10, 
'u good condition 

(^se sCA I F No 144C4S) A 19 )car old white soldier was admitted to the Station Hospital Kearns 
\rm\ Air Base on August 17, 1943 complaining of recurrent severe headaches which wakened him at 
night, he was nauseated and dsspneic His temperature svas 103° F pulse 106 and respirations 14 


Fio 1 Minimal changes in the capsule of the spleen comprise a looscnmg of the structure bj edema 
and an increase in nuclei per unit area most of which arc those of anpical Ivmphocs tes A subcapsular 
zone of edema is also evident X i8o 

Fio ^ Moderatels ads anted changes in the capsule of the spleen are shosvn Both edema and cellular 
infiltrate are clearls defined X 500 

Fia 3 The capsular lesion here is so marked that the onginal structure can hardlv be identified The 
capsule appears stretched and reads to rupture although the scctioo svas taken some distance from the 
actual break X 300 










E B S^^TH AND R P CUSTER 


32-3 


per minute Tonsils and phar)-nx were inflamed, the h raph nodes gcncrallj- enlarged, and the spleen 
palpable 

Laboratory Data 

Hetero- 
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A blood culture, agglutinauon tests, and Kahn reaction were neganse 

On October 13 while returning from the latnne the pauent complained of sudden pain in the left upper 
quadrant of the abdomen and went into shock The diagnosis of ruptured spleen was made Splenectomy 
was performed and clotted blood was remosed from the peritoneal cavit) The spleen weighed 4x5 Gm 
and measured 16 x li x 7 cm On the diaphragmatic surface was a huge gaping capsular rupture running 
the entire length of the organ and measunng 8 cm across The postoperative course was marked by 
pneumonia which was rcadilj controlled b> sulfonamide therapy, otherwise the patient made a good 
recoseiy 

The diagnosis in this mstance rested on the clinical course 1 } mphadenopath) , and splenomegalj , 
fleeting but significant 1) mphoc) tosis, and a heterophil antibod) titer which rose from i 40 to i in 

Gilt I QA I P No A 1.6 jear old \\hitc soldier had had a cold \Mth a slightl) productive 

cough for a month prior to his admission to the Sunon Hospital Camp Burner, on February 14, 1943 
T\\chc hours prcMouslj s\hilc getting into bed, he had experienced severe upper abdominal pain fol- 
lowed b\ nausea and vomiting In an hour, the pain had lessened but it gradually localized in the left 
upper quadrant and was exaggerated b) breathing There vras generalized direct and rebound abdominal 
tenderness most marked in the right lower quadrant but no other physical findings of significance 
Laparotomj 4 hours later ([16 hours after acute onset) disclosed mtrapcntoneal hemorrhage and rupture 
of the spleen which was 4 times normal size 


Fig 4 Moderate infiltration of a trabecula b> normal and abnormal 1 \ mphocytes X zco 
Fio 5 \ reticulin stain (Wilder) of the trabecula showm in Fig 4 brings out a loosening of the framc- 
work X 330 

Fio 6 \n intratrabccular arterv marks the previous sue of a trabecula of which sirtuallv no other 
'cstigc remains X 500 
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Laboratory Data 
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Heterophil anubod) titration was not performed Other laboratory data were esscntiall) normal 
On the moth postoperatne day the patient suffered a minor pulmonary embolism and on the seven- 
teenth day there was clinical e\ idence of thrombophlebitis of the deep veins of the left leg A more severe 
embolism occurred on the twenty ninth day and he died two days thereafter 

This case is classified as infectious mononucleosis because of the history of a cold lasting for a 
month a numerical increase in ly mphocytes, some of which were abnormal, and the histologic appear- 
ances of the enlarged spleen and other tissues which were identical wnth those m authenticated cases of 
the disease 

Cate y (_A I P No 6 yiio) A at year old white man entered a civilian hospital on February j 1940 
complaining of bleeding from the nose and gums Bruises were seen on his legs, and he had passed dark- 
colored unne One week earlier the patient had had an attack of flu from which he had virtually 
recovered Physical exammation disclosed bleeding from the nasal and oral mucosae ecchymoscs of the 
skin and an enlarged spleen 

Laboratory Data 
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A working diagnosis of tbromboev topenic purpura was made and the patient was given increasing 
doses of moccasin venom and small blood transfusions His condition changed but little unul February 


Fiq 7 The general pattern of the spleen is obscured by cellular proliferation m the pulp the follicles 
being small indistinct and widclv spaced and the sinuses are barelv discernible X 35 

Tir V \ higher magnification in the same case shows the lumina of most of the sinuses occupied by 
clumps of normal and atv pical 1\ mphoev tes X -00 

Fig 9 Still higher magnilication show 5 details of the cells in both sinus and pulp a few plasmocv tes 
can be made out in the pulp X 1000 




E B SNDTH AJTO R P CUSTER 


32-7 


10 (about the fourteenth da) of illness) t\hen signs of intrapcntoncal hemorrhage became esident 
and he died 

The peritoneal casit) contained 1.5 liters of fluid blood in addition to large clots The spleen, -nhich 
teas not tseighed had a large tear through the capsule into the pulp for a fet millimeters, most of the 
capsule was separated from the 'oft, flabbp, maroon-colored parcnch) ma bt an interposed la) er of clotted 
blood 

Despite the lach of heterophil annbod) titration, we regard this as a case of infectious mononucleosis 
in nhich the clinical manifestations were chiefly those of thromboci topcnic purpura, a rclatiieh rare 
form of the disease but one which already has been described ^ The prodromal symptoms resembling 
influenza and the absolute l)mphocitosis with abnormal cell forms in the peripheral blood tend to sub- 
stanuate this assumption Finally the histopathologic changes m the tissues, especially in the lymph 
nodes and spleen, were charactcnstic of infectious mononucleosis 

DISCUSSION 

Reasons for the diagnosis of infectious mononucleosis in these 7 cases have been 
stated at the end of each case report The clinical data in 4 arc deficient, chicfl} 
because the disease was not suspected in 3 and death was so sudden in the fourth 
The information available in all but case 3 is, however, entirely consistent with 
the diagnosis of infectious mononucleosis Histopathologic findings in the nipi- 
tured spleens were singularly constant in all 7 cases and were, furthermore, iden- 
tical with those in intact spleens from patients with infectious mononucleosis 
who had died from other causes The characteristic picture was so umfonn that 
sections of spleen from infectious mononucleosis shuffled with those from a wide 
variety of diseases could readily be distinguished and grouped together again 
Consequently a single composite description will suffice for the entire group 
Histopatholog^ of the Spleen At the Arm) Institute of Pathology there are 44 
cases listed as spontaneous rupture of the spleen with material available for micro- 
scopic study in 33 , 11 cases of recurrent malaria exist merely as records Our analy- 
sis of the 33 cases established certain criteria for the objective microscopic diag- 
nosis of infectious mononucleosis (table i), some of these features have not been 
mentioned in the descriptions of earlier authors 
In the capsule we noted an infiltration b) lymphocytes and large mononuclear 
cells (to be described later) in all but 2. cases, had more sections been available in the 
latter instances, we suspect that these spleens would not have been exceptions 
Ziegler also observed a moderate cellular invasion of the capsule, but Darley 
et al ’ made the direct statement that the capsule and trabeculae of the spleen 
appeared normal except where the) had been distorted b) hemorrhage into the 
adjoining substance Minimal capsular changes, which may be regarded b) some 
as of no consequence but which we believe to be significant, arc shown in figure i 
There is edema of the capsule and the immediatcl) subjacent pulp, and an increase 
in nuclei per unit area over the normal Figure 2. at higher magnification presents 

Fio 10 The pulp of the spleen in some cases is loosch arranged The admixture of normal and abnor- 
mal h mphoev tes reticulum cells and plasmocvtes is clearl) seen X 1000 

Do II Xhz splenic pulp mav be densely packed wrth cells most of which arc at)pical l)mphocvtcs 
c cposit of formalin precipitate was intentionalh left in this section to illustrate the necessir) of dif- 
cntiating it from malarial pigment tilth polarized light formalin precipitate is doublv refractile, 
whereas malarial pigment is not X 1000 
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more marked edema and round cell reaction, while the capsule seen in figure 3 is 
so cellular as to have virtually lost its identity, and appears stretched and read) 
to rupture None of the sections illustrated were taken near the areas of actual 
rupture of the several spleens 

The trabeculae are infiltrated by mononuclear cells to an even greater degree 
than the capsule, frequently undergoing complete dissolution The trabecula in 
figure 4 displays moderate change, and a reticulum stain (fig 5) discloses loosening 
and fraying of the reticular fibrils In figure 6 the process is so advanced that the 
site of the trabecula is identified only by the remaining small intratrabecular 
artery 

The splenic pulp is increased in bulk and the architectural pattern is blurred, 
pnncipally because of excessively cellular cords of Billroth which compress the 
sinuses and render them relatively bloodless (fig 7) The blood sinuses contain 
clumps of mononuclear cells (figs 8 and 9) which frequently fill the spaces and 
together with the swollen sinus endothelium serve to obscure the pattern still 
further Cells may be rather loosely dispersed (fig 10) but are more frequently 
closely packed (fig ii}, sometimes to a degree simulating leukemia Follicles 
arc few per unit area, owing to the increased amount of intervening pulp (fig 7), 
they arc generally small, for the most part lack germinal centers, and arc com- 
posed of mature lymphocytes The follicular margins are poorly defined and the 
progressive hyperplasia of the pulp tends to obliterate some of the follicles com- 
pletely 

The predominant mononuclear cell of which we have spoken, when stained lightly 
with hematoxylin and eosin in thin sections, varies from iz to 15 microns in 
diameter, occasionally larger, and is round except when distorted by crowding 
(figs 9, 10, and ii 3 The cytoplasm is homogeneous and faintly acidophilic The 
centrally or eccentrically placed nucleus is sharply delineated by a thin membrane 
which blends with the marginal chromatin particles, chromatin is irregularly 
distributed to lend a mottled appearance, and it occasionally forms angulated 
bars Indentation and folding of the nuclei can be demonstrated in relatively few 
cells It IS virtually impossible to determine in the sectioned material whether a 
true nucleolus is present or not, nor could fenestration be evaluated We regard 
these cells as atypical or abnormal lymphocytes, closely related to, if not identical 
with, those found in the peripheral blood The variation in descriptions of mor- 
phologic details of the cells among various authors may be explained in part on 
differences in the technical methods employed Furthermore, word-pictures have 
shortcomings which can be overcome only by direct observation of well prepared 
sections, after a little experience the recognition of these cells is not difficult 
Other cellular components of the splenic pulp comprise lymphocytes, reticulum 
cells, and plasmoc) tes in var)ing proportions In case 7, in which there was mod- 
erate anemia, the spleen was the seat of extramedullary hematopoiesis 
A striking histologic change is consistently observed in the blood vessels of the 
spleen Small arteries are cnshcathed b) normal and abnormal lymphocytes which 

^ Fig 11 A trabecular arterv with slight subintimal and cxtcnsisc adscntitial aggregations of mono- 
nuc car cells most of which arc atvpical hmphocjtes X loo 

Fig ij The same \xsscl stained b} Wilder s method for rcticulin X 
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completely separate them from the surrounding trabecular substance (figs it and 
13) The subintimal zone of mtratrabecular veins displays a similar cellular reaction 
(figs 14 and 15) These vascular lesions are frequently found in leukemia® and 
scarlet fever,® occasionally m chronic malaria and in acute fulminating infections 
The subintimal reaction in the veins is also common to allergic states of various 
types,*® especially drug sensitivity,** in which the patient survives xq hours or 
longer It is thought by some observers that this layer of cells is merely an ex- 
tension from the hyperplastic pulp, but it has been seen in veins of other organs 
We did not find either arterial or venous lesions in the hyperplastic spleens of 
typhoid fever, diphtheria, measles, peritonitis, subacute bacterial endocarditis, 
plague, anthrax, miliary tuberculosis, influenza, lobar pneumonia, periarteritis 
nodosa, polycythemia vera, thrombocytopenic purpura, and familial hemolytic 
jaundice 

Regarding the nature of the cellular reaction in the capsule, trabeculae, and 
vessels, we are in accord with Jaffe s® view that this is a mctaplastic process, the 
cells stemming from fixed tissue elements, rather than a direct infiltration through 
their own motility 

Rtlatton of Splenic Changes to Rupture of the Organ It is obvious from these histo- 
logic descriptions that the baste structure of the spleen ts weakened tn infectious mono- 
nucleosis The dilution and even dissolution of the capsule and trabeculae illus- 
trated in figures i through 6, the result of a cellular reaction of varying intensity 
within these structures, are perhaps the most important factors Small wonder 
then that these rapidly expanding organs with damaged envelopes and framework 
occasionally rupture Rather it is surprising that they do not rupture more often 
The changes in this group of cases are not fortuitous, as we observed them con- 
sistently in the intact spleens of patients who died from some other cause 
The recorded data on the size of the spleen indicated an enlargement to 3 or 4 
times normal, this held true for our series and the other 3 reported cases Table i 
supplies evidence that normal-sized spleens are not apt to rupture spontaneously 
Rapidity of enlargement, as from the acute hyperplasia in infectious mononucleo- 
sis, with consequent stretching of the capsule and thinning of trabeculae, con- 
stitutes an obvious factor This is also emphasized by the spleens in our group of 
chronic malaria, in which rupture invariably was associated with a recurrence 
"hen active hyperplasia of the splenic pulp took place 

The time element proved interesting The spleen in infectious mononucleosis is 
not likely to rupture during the first x weeks of the disease, the estimated interval 
bctisecn onset of symptoms and the accident in our cases i, x, 4, 6, and 7 was xi, 
* 5 ) *Si 3 o> and 14 days respectively In the other cases reported the spleens rup- 
tured on the seventeenth, eighteenth, and twenty-fifth days This suggests that not 
until the third week have the capsular and trabecular changes progressed suffi- 
ciently to permit rupture, either spontaneous or the result of slight trauma 

F'U 14 S'>bintimiHa)cr of mononuclear cells in a trabecular \ cm X 300 

Fiu 13 A large \cin with a thicL inner lining of mononuclear cells, rcadil) distinguishable from the 

ss o cells which fills the lumen and which probablj was squecacd in from the pulp during manipula- 

uon of the organ Wilder rcticulin stain X 130 


332- RUPTURE OF SPLEEN IN INFECTIOUS MONONUCLEOSIS 

Relatmi of Trauma to Rupture of the Spleen Division of splenic rupture into i-- 
categories of spontaneous and traumatic is not entirclj accurate There arc u 
questionably cases catalogued as spontaneous m which the diseased sp’-r 
would not have ruptured but for some trivial injury, unnoticed or forgoiim ] 
IS certain that in some of these instances the actual rupture was antedated s.i-tj! 
days by a subcapsular hematoma evidenced by a la}er of partiall) orpann j 
blood beneath the capsule That the bleeding ma} be intermittent is supc-si J 
by bouts of epigastric distress, nausea, vomiting, and diarrhea which hascKm 
observed at intervals preceding the time of actual rupture, in such cases lam lli 
of clot represent the successive bleeding episodes One case in our senes prescnic' 
a definite history of rupture having been induced by palpation of the spleen dunnj 
physica\ examination, in another, rupture occurred while the patient waspctimc 
into bed, and probably was due to a slight jar or twist In still a third the sjmp- 
toms of splenic rupture began while the patient was returning from the latrir 
Whether increased portal pressure inadent to straining at stool was a factor can 
not be said with certainty Similar exciting causes maj precipitate rupture o! th 
spleen complicating conditions other than infectious mononucleosis 
Although rupture of the spleen is apparently a very' infrequent complication of 
infectious mononucleosis, it is well for the clinician to bear this possibilin in 
mind We recommend that, when infectious mononucleosis is suspeaed, enlarge 
ment of the spleen be taken for granted, palpation be omitted, and the diagnosis 
established by the more certain means available 

SUMMARY AND CONCLUSIONS 

I Seven cases of ruptured spleen as a complication of infectious mononucleosis 
are described and reference made to the 3 cases previous!} recorded in the htcti 
turc 

z It proved possible to make an objective histologic diagnosis of infectious 
mononucleosis from well prepared sections of the spleens The diagnosis was 
based on (a) a blurred architectural pattern due chief!} to large numbers of atjp- 
ical lymphocytes dif?used~tfaroughout the pulp and clumped in the blood sinuw, 
(b) small, poorly defined follicles, usuall} without germinal centers, in Irts t an 

usual numbers per unit area, (c) cellular infiltrates, composed largcl} 0 norma^ 

and atypical lymphocytes, in the capsule and trabeculae, in the a sentitia 
small intratrabecular arteries, and in the subintimal zone of collecting 'c 
sinuses and intratrabecular veins, (d) swelling of the lining or attac c cc 

the blood sinuses , 

3 Infiltration of the capsule and trabeculae reached consi era c pt 
tions, occasional!} to the point of complete dissolution of these ^ 

served as a predisposing cause of rupture The same changes were not 
spleens from fatal cases of infectious mononucleosis ^ 

q The spleen in infectious mononucleosis was 3 to 4 times norma 
ruptured during the third or fourth week of the disease 


E B S^^TH AND R P CUSTER 


333 


5 The importance of trivial injurj' as the exciting cause of so-called spon- 
taneous rupture of the spleen has been emphasized It is recommended that 
extreme caution be emplo} ed during attempted palpation of the spleen in a sus- 
pected case of the disease When the diagnosis is obvious, splenic palpation may- 
well be omitted 

Note Since preparing this article r\c found that a of our cases recorded abose were included in a re 
pon b) fjttleficld (Surg , G) nee & Obst fa. 107, 1946) dealing mainU nith clinical and surgical aspects 
of spontaneous rupture of the spleen per rr, without particular regard to diagnosis of the underljing disease 
We noted, howeser, that in his case i (our case 5) the statement is made that infectious mononucleosis 
was suspected and ruled out and the diagnosis of ruptured acute!) h)'pcrplastic spleen offered Our 
reasons for the diagnosis of infectious mononucleosis in this case are presented in the text of our paper 
and the splenic pulp is pictured in figure it In Littlefield s case 3 (our case i) he quotes from the clinical 
records, impression reuculum cell sarcoma of spleen We direct attention to our figures 7 through 10 
from this case which we regard as particular!) illustrative of the t)-pical changes in the spleen of in- 
fectious mononucleosis 
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INFECTIOUS MONONUCLEOSIS COMPLICATED BY SPONTANEOUS 
TURE OF THE SPLEEN AND CENTRAL NER.\DUS S\STE.\1 
im’^OL\EMENT 
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Bj Stuart L Vaughan, M D , J Suttov Rega\, M D , 

AND Kornel Terpran, M D 

W HILE infectious mononucleosis is usuall> a benign disease, serious cor 
plications develop occasional!) Spontaneous rupture of the spleen hii 
been described in four well documented reports, and m o other cases* * in ishid. 
the evidence is not conclusive have been cited Central nen ous s) stem involTerc-i; 
has been described also, and the literature concermng this complication has htr 
reviewed recentl) "'■* 


c:ase report 


A married iihicc male, aged 38, was admitred to the hospital Not ember 3 1534 ^btrat or r r ‘ 
prcvionslj he had complained of sadness jd the bach of the nech This simptom cofliiDinJ iinJili 1 ' 
one weei before admission became exaggerated At this rime be developed an mtnictablr heihcb 1 
was chieflt irontal m dtscribnaon and fclc feverish Treatment at home brought no tch f suit m 
admitted to the eve car, nose and throat service for obscnation After admission he noticrJ i,-", 
blurring of vision for the first nme 

Past historj revealed that the panenc had been subject to frcijucnt colds and sore throit I! fci* 
vodagoac appendectoms in ijzj tonsillectomi in 15x9 and hemorrhoidectomi in 1930 Oihraiw h 1 
health bad been good 

Ph)sical exanunaaon on admission revealed that be did not bate the appearance of senoai ilL"" 
although he was complaining of pains in the head and throat The temperature ttas ico^tb r's 
rate 102. and the respirator) rate 14 The conjunenvae t\ etc inflamed The throat ttas icJ and ii:‘’i~' 
Tonsils were missing The bmph nodes were not enlarged and no abnormal signs were found 00 cii’' > 
non of the heart lungs or abdomen The appendcctorat scar was noted Relieves ttcrc hvperacnt \ 
tellottish maculo-piapular circinatc lesion the size of a ten rent piece was found on iht meet >adi 1 
the nghc thigh neat the groin 

Rontinc blood counts shotted the following R BC 5 icocoo per cu mm Hb M ■) Gt; ftr 
too cc WBC 13,000 pier cu mm Band form pxtbmorphonucltars, 2.5 per cent hlatmits 3 fvt r 
eosinophils I per cent basophils i px2r cent It mphoct tes, 66 per cent monoa ccs 4 per ton 
The laboratory tcpiortcd that manv of the Ivraphoct tes were large and detpit basophilic ard tli > 
tensuc of types I and n Icukocttoid ij mphocvtcs as described bt Dotvnet •’ 

X-ra\s of the pjaranasal sianscs were negatite , 

No changes occurred in the clinical condition until the third dap after admission (Kovtc 

At noon the panenc went to the latatorr feeling fairl) well He sat down to defecate but di^ cot^ 

whether he had a movement or not He stated that there was no undue straioiog Then k" 


lose consaousucss momentarih and came to with his head li ing against the uni He arose ^ ^ ^ 
nurses stanon and then to bed He felt wcah but otherwise did not feel badls \ sbert tuu-^ ^ ^ ^ 

lunch was brought in He ate oul) a little ice cream and felt veiy weal Because of wealr-ss^ at ^ 

pserspiranon, the nurse called a phvsiaan The pulse rate was 140 and the blood pressure j j n 

o dustolic The abdomen was tender throughout, but most marlcdh so in the umbilica ^ ^ 

not nnul several hours later that pain devciopsed Defimte spasnem was noted Jt 1 

means boardlilc The red count was 4 oco 000 and the hemoglobui lo grams 

One of us Q S R ) was called in surgical consulunon during the evening 
marked in the uppser abdomen and less so in the lower abdomen Under observation 
more marled Faint pcnsulsis was present 


From the Buffalo General Hospital and the Univcrsitv of Buffalo 
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Trcaoncnt for shock, including transfusion of blood was insrirutcd, and tsschc hours after the onset 
laparotomy was performed At operation the peritoneal casitj showed esidence of massise hemorrhage 
The spleen was found enlarged to about four times its normal size and \ ers soft A large amount of clotted 
blood was found adherent to the lateral and diaphragmatic surfaces, and from beneath the clots fluid 
blood was observed to escape freeh With some difficult), because of the softness and friabilin of the 
organ the spleen was remosed and the wound closed 

PATHOLOGIC-ANATOmC REPORT 

3x87 1944 Gnss Rtperr The spleen is modcratcl) enlarged, weight 400 grams, measurements 18 x 9 5 x 
3 5 cm Within the diaphragmatic surface near the upper pole and close to the anterior margin there is a 
small irregular tear ncarl) 1 cm in length It is partiall) cosered with clotted blood and appears to be 
about I cm deep On the cut surface the consistenc) of the spleen is considerabl) decreased The markings 
are completely obscured, the malpighian follicles are not \isiblc and the entire splenic substance is in a 
suteof uniform swelling and of gra)ish pink color About the tear there are disnnct hemorrhages within 
the pulp Small localized hemorrhages from i to 4 mm in diameter are seen in other parts of the spleen 
also, especiall) close to the capsule The larger ones, including those about the tear hate an infarct- 
like appearance (This latter feature grossK suggested the possibility of small embolic lesions as seen 
in bactenal endocarditis ) 

AWsrcop/c Rtpurf (Fixatises used Zenker Orth, Formaldehyde) In the low power magnification the 
structure of the spleen appears to be distinctly changed While in some areas the malpighian follicles 
arc still nouccable, in others they seem to blend with the hyperplastic red pulp in the areas with hemor- 
rhages they stand out more prominently The trabecular system is indisunct only the trabeculae con- 
uming larger blood icssels being clearly seen So-called germinal centers cannot be recognized within 
the malpighian corpuscles 

With higher magnification the most outstanding feature is that the sinusoids are obscured only 
close to the hemorrhagic areas a few of them can be recognized The bulk of the cells composing the 
swollen pulp seems to stem from the reticulum of the spleen gradually blending with the malpighian 
follicles There is, apart from the hemorrhagic zones, but little blood between the reticulum meshes 
and in those smusoids which still can be recognized The following cells are most prominent lymphoid 
elements with round nuclei and distinct though narross nms of cytoplasm, slightly larger cells with 
round or oblong nuclei with indcnutions within the nuclear membrane and scry disnnct cytoplasm 
These same cells frequently appear as the sinus endothelial cells Leukocytes arc comparatis cly fes\ in 
number Dkewisc only a few eosinophilic leukocytes and rare plasma cells are seen Macrophages free 
in the sinusoids, are also comparatnely infrequent Phagocytosis of erythrocytes is by no means promi- 
nent The most outstanding feature is the rather regular cytoplasm in all the cells making up the bulk 
of this peculiar cellular hyperplasia 

There is a scry rare follicle presenting enlargement of reticulum cells as seen in the germinal centers 
However there is a scry marked degree of nuclear disintegration ssith many small chromatin paruclcs 
Within these cells mans of sshich base dark eosinophilic cytoplasms and blurred cellular borders The 
artcncs ssuthin the follicles shoss irregular hyaline degeneration in their ssalls Some nuclear disintegra- 
tion is also seen ssithin the splenic trabeculae The proliferation of the reticulum cells finally seems to 
extend through the trabeculae in some areas and to encroach upon the endothelial lining of the splenic 
leins This is seen also ssithin the ssalls of some arteries in the trabeculae Sections stained for iron fail 
to show any granular hemosiderosis or diffuse imbibition 

In sections suincd ssith methslenc blue the larger lymphoid cells clearly shoss disintegration of 
nuclear substance into small fragments Some of these fragments resemble bacterial inclusions of diplo- 
coccusform s' hilc others arc less homogenous and of various sizes Gram stains gisc an entirely negatise 
result The bacteria like structures seen in thin sections stained with methylene blue had to be intcr- 
P cted as nuclear debris Thes "■ere seen also in some endothelial cells within packed sinusoids 

In comparing the histological picture wuth those reported bs Warren ' Ziegler ’ and Black ’ it is 
c ear that our hndings arc sers similar to theirs In all of these reports it is stated that the sinusoids arc 
■ss prominent than normal The indistinct follicular architecture and also the absence of germinal 
Centers arc stressed bs Ziegler and Black in particular The large Ivmphocv tes and reticulum cells men- 
onc s Ziegler and the larger Is mphoid cells with characteristic nuclei and abundant cy toplasm in the 
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report of BlacX arc apparcnd\ idcnacal with those desenbed id om nprz a< snail icj II^ I<- ' 

cells which seemed to be in connecnon with the reticulum of the palp and appeanre fr-t;=r-i’r j - > 
thclial cells wherever paclkcd sinnsoids can be made oot " 

Sinnsoids ncarlv filled with \onng Ivinphocvtcs, monoevtes, and an occasional i-t 

also as the charactcnsnc histological featiirc in the case of Davis MacFcc, W nght and \Ihx ' * " 
WTicn we analvzcd the histological picture we were impressed bi the comparative aber H r- - 
phihc lenl-cxytcs and large endothelial cells with aenve cnehrophagocvtosis as seen ff-qeni'r r ir 
swelling of the spleen reactive to various bacterial infecncras (meningocovcus septicemia tvpb- ' - 
acute bacterial endocarditis) The absence of larger numbers of IcuLocvtes in pamculat ivas 'x~ 
as the soft consistenev nonced in the gross specimen had directed our capeaation loiva d a. i 
septicemic rcacBon 

The picture then that we found, is fnlh compaable with the hematological and seroloculiir 
of infectious mononucleosis Whether it is lo itself suffiaenili charactcnsnc fo th* mc^b ra 
dugnosis of this disease cannot be stated with ani degree of certamtv at the pTsmt tim. 

The immediate post-operaave course was attended bv moderate fcier fo eleven davs '^“'lain 
was administered nnnl the third dai, when it was discontmncd bccan<c of ih" appca-i," r* i 
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• Percentage of nucleated cells 


erpthematous empnon On this dai there was a chill The unnatv sediment was found lt> tr 
with red and white cells , .v-r ’ 

The paaent complained of diplopa Ophthalmological eianunaaon bv Dr ban oeej, 
paralvsis of the left evremal teems muscle Both dishs were fairlv well defined butib veins 
engorged No definite edema, hemorrhages or exudate were found Pronounced bilatca 
was present ^ ^ 

The hetcrophile agglutinanon test done on November 13th was positive m a i tc tr b 
On November i5ch a small incisional abscess was drained Bacteriological - .1 

revealed anaerobic streptococa and small anaerobic Gram posiuve gas-prodeeme a 1^^^^ ,1^ ' ^ 
given for two das s and the temperanire returned to normal promptls ' test o' co f 
vember 17th was negative j., r‘ 

On November iSth a clmical exammanon from the hematological stan pmne ^ 

(S V ) (TTus ciaimncr had confirmed the diagnosis of infecnous moconu '0*1* ^ ^ 

standpomt prcviouslv ) The slan color was normal No hemcnhagic '‘P’* min't 

anUarp.cpithrochlcar, and inguinal Ivmph nodes were not enlarged Their sn 

one m the left side of the necL, Ocular movements were p'acacalU norma an j. ' 

However, all tendon reflexes wcnegrcatJi exaggerated AnUc clonus was easi s e ^ ^ 
was not sustained Patellar clonus was absent Plantar reflexes were nerma 

neurological findings were noted _ ^ •iff'' 

Lumbar puncture done November inch showed imtial pressure of i /5 
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compression th: pressure rose to no rara ssithin lo seconds and returned to 175 mm within 10 seconds 
of releasing the compression Respirator) and arterial pulsations were present The fluid was clear and 
colorless The cell count was 8 white blood cells per cu mra The Pand) test and nitric acid ring test 
were slightl) positne Copper reduction was prompt The colloidal gold curse was iiiioooooo Comple 
ment fixation tests were negative and cultures were sterile Glucose was 131 mg per cent and protein 
\sasoii6Gm percent 

On November 17th, after several da)s of progressive improvement, the patient complained of dull 
stead) pain in the nght flanh accentuated b) deep respiration Temperature rose to 103 x, the pulse rate 
to 13Z, and respirator) rate to 40, otherw ise ph) sical signs vv ere indefinite, and radiographic examination 
revealed no abnormalit) However, within two da)s signs of fluid in the right pleural cavit) were pres- 
ent, radiographic examination was confirmator) On December 4th the fluid removed from the chest was 
faintly turbid It conained 31 500 R B C and3,3ooWBC percu mm Suined films of sediment showed 
no bactena and cultures including special ones for tubercle bacilli, were sterile C)tological examina- 
aon showed the following )Oung forms of pol)morphs, z per cent, bands 7 per cent, filaments, 3 per 
cent, l)'mphoc)tes, zo per cent, monocytes, 5 pet cent, plasma cells with highly vacuolated cytoplasm, 
zz per cent, mesothelial cells, 41 per cent 

The febrile reaction subsided within a few days, and the patient was discharged from the hospital 
on December i6th 44 days after admission At that time he was in good condition, and all abnormal 
signs had disappeared 

On February zyrd, June 5th, and November 14th, 1943, he was rc-cxamined by one of us (S V ) On 
each occasion he appeared to be in excellent health and had no complaints except that he tired more 
easily than before his illness Lymph nodes were barely palpable in the necL and axilla No abnormal 
ocular or neurological signs were present The blood findings throughout the illness are shown in Table i 

DISCUSSION 

The clinical course m this patient was not typical of that seen m the majority 
of cases of infectious mononucleosis Peripheral lymph node enlargement and 
ulcerative manifestations were not present at any time Even after the diagnosis 
Was known a careful examination failed to disclose these signs The first evidence 
of the disease was disclosed by the laboratory technician in the routine blood 
count However, before this evidence was evaluated and re-checked the acute 
crisis of splenic rupture had taken place 

The significance of the blood findings was not appreciated by the physicians in 
attendance up to this time and infectious mononucleosis was not considered in 
the preoperative differential diagnosis In fact, it must be acknowledged that the 
signs did not seem to indicate splenic rupture, and this finding was disclosed only 
during the operation after an initial upper right rectus incision had been made 
Examination of the spleen in the tissue laboratory presented similar difficulties 
The initial findings suggested an acute inflammatory process and a painstaking 
search for bacteria was instituted It was only after this search failed to reveal 
any organisms and after the diagnosis of infectious mononucleosis became apparent 
from other evidence that the findings in the spleen were regarded as compatible 
'Mth this diagnosis 

These difficulties in preoperative and pathological diagnosis arc similar to those 
escribed by other authors Prcopcrarivc diagnosis will only be improved by wider 
isscmination of the knowledge that spontaneous splenic rupture due to infectious 
mononucleosis is a possibility in surgical crises As to the tissue diagnosis, this must 
aw ait further descriptions of splenic changes in this condition and the organization 
o criteria so that it may become diagnostic 
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It IS to be noted that our case resembles that of King’ in that the onset of pair 
and shock was associated with defecation 

Finally, it was of some interest in our case that evidences of central nersoussss 
tern involvement as a complication of infectious mononucleosisrscreprcsent 
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INFECTIOUS LYMPHADENOSIS ( MONONUCLEOSIS ) AND THROMBO- 
CYTOPENIC PURPURA, RECO\^RY AFTER SPLENECTOMY 

Report of Case 


By William Dameshek, M D , and Michael A Grassi, M D 

A MONO the features of infectious lymphadenosis ( mononucleosis ) which 
jL Jl help to distinguish it from acute 1) mphatic leukemia is the lack of reduction 
in both red cells and platelets Conversel} , the association of well-defined anemia 
and/or thrombocytopenia with a marked degree of lymphocytosis in which ab- 
normal lymphocytes are conspicuous, almost certainly indicates acute leukemia 
The present case report deals with an exception to this rule A y'oung woman with 
severe purpura hemorrhagica was found to have generalized lymphadenopathv 
and a marked lymphocytosis Although the clinical picture appeared to be that of 
acute lymphatic leukemia, the character of the lymphocytes suggested infectious 
mononucleosis, this was confirmed by a strongly positive heterophile agglutina- 
tion When the patient s bleeding became uncontrollable, splenectomy was per- 
formed and was followed by prompt recovery The splenic histology' was that of a 
reactive hyperplasia and that of adjacent lymph nodes was characteristic of in- 
fectious mononucleosis 

This case is of interest not only because of its rarity, but because it brings up 
anew the diagnostic features of infectious mononucleosis, the question of hyper- 
splenism and its relationship to thrombocytopenia, and the lymphocytosis 
observed in a number of cases of idiopathic thrombocytopenic purpura 

report of case 

Dons P a married woman aged ii, first seen on September i8, 1944, complained of profuse catamenia 
o two weeks duration One week prior to the onset of this period, she bad noticed profuse bleeding from 
c gums and small blood spots os er the chest and arms These increased m number The menstrual 
^ ng was so profuse as to cause alarm Further questioning revealed that in the past two )ears she 
f’l "“I'd saginal bleeding between periods an increased tendency to bleed from cuts, and bleeding 
0 ^ownng a dental extracuon An occasional sore throat and a few swollen and tender glands in the neck 
> rccentl) been noted In 1940, a miscamagc of approximate!) ts\o months gestation had occurred, 
requinng hospiuhzanon the lcukoc)te count at this time was x6 500 with 80 per cent pol)morphonu 
r e^s, no note regarding the platelets was made 

and revealed a pale, sick loolung joung woman Numerous petcchiae in the conjunctisac 

^ the buccal mucosae were present The cervical and axillary lymph nodes were readily palpable as 
n sized, nontender glands The edge of the spleen was felt two fingers breadth below the left costal 
argin 0,^ trunk and extremities were numerous petechiae and small eccbymoses 

bleeding was present 

M W°b showed the following Hemoglobin 80 per cent (Tallqvist) R B C 4 40 

’ C 13,100, pohmorphonuclears 3-4 per cent Cbznd forms 14) ly mphocy tes 73 per cent (mature 
oung ii) monocytes y per cent The red cells appeared normal but only a rare platelet was seen 
gu ation time was 6 minutes (normal), the tourniquet test strongly positive and the bleeding 

from ^ ^ ^ Diagnostic Hospital and the Blood Laboratory of the Boston Dispensary and 

' w Hospital Haverhill Massachusetts Aided by grants from the Charlton Fund Tufts 
College Medical School and the Upjohn Company 
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time more than zo minutes Cgrcach increased) A tentatnc diagnosis of throraboatorenic r^T 
nude and hospitalization adsised this the patient at first refused Howstr, sMih cmiinu J im, , 1 
menorrhagia, her condition became critical and she mas admitted to the Hale Hospital of Hn-i^ 
Massachusetts on October z. At this time the hemoglobin iras 6o per cent R B C 3 19 \t ft p 
11,800 polj-morphonuclears 34 hmphoc)-tcs 64 per cent, platelets less than toozz p rcu ma 1 ' 
there was no clot retraction 

Therap) included a transfusion of 500 cc of citratcd blood ascorbic acid 500 mg daih fc-tij.ulb 
loGm dailj and menadione (mtamin K) 5 mg dail) Since there nas no imprmcm nt mib i>- 
measures, she s\as seen in consultaaon bs one of us (\V D) at which tim- th-g-n ralit-il hr '■i 
denopath), the well-defined splenomegaU , and the great vanabilm m l)-mphocMc mirpholiuo y- 
pomted out as indicative of infectious mononucleosis A sternal puncture showed an ess,ntialh ro rii 
marrow picture with islands of nucleated red cells and granulocjtes, together with a slight lacrti i. 
l)mphoc)te5 There mas no effacemenc of marrow architecture as seen in acute leuleraii ih r ti 
kar)OC)tcs, although increased in number showed a grcatlj diminished platelet prolu non T> 
heterophile agglutination test was positisc in a dilution of r 640 The diagnosis of infecnous mooix'c.l, 
osis in assoaanon ssith thrombocytopenic purpura was made, and the patient gnen a good pogro'n 
It wtas believed that the bleeding mould probabl) diminish with subsidence of the infcaiOQs suit 

However, vaginal bleeding continued unabated and the patient s condition grew tapidlv wivt. 
Despite another transfusion of 500 cc of citratcd blood the hemoglobin on October 5 was 36 pt c 1 
and the red cell count i gr M Since further transfusions seemed inadsisablc, splcnccioms wasd-o' J 
upon and performed under spinal anesthesia b) Dr Joseph Tartakoff A transfusion of joz cc of HiV'’ 
tvas gticn 10 honrs preoperanseU The spleen mas found enlarged to about three times ns nortiul nr 

There mas a dramatic postoperatnc response with a rapid rise in platelets and a quick crs'anm 1 
vagina! bleeding The platelet count became increased immcdiatcl) after operation and 36 bouts h't 
mas ji4,otx) per cu mm There mas a res crsal in the leukoc) tic formula svhicb now bcaroe fum> 
philic rather than lymphoc) uc On the fifth postopcratisx da) , 1 ) mph nodes mete batth palpable Tb 
heterophile agglntinanon test ssas positive m a dilution of 1 310 The peak platelet count was teach, 
on the eighth postoperause da) and was 600 000 per cu mm There was a gradual increase in h r> 
globin and red cell count which on October 18 showed the follosving Hemoglobin 65 per cent R BC 
3 31 M During this 11 da) piostopcratis e period an irregular fever of g8 to 101.1° F was ptt'ent bul 
there was no evidence of pulmonar) or other compheauons 

On October ig the patient mas allomcd out of bed Tablets of ferrous sulfate (i 0 Gm daih) 
again giscn On October 31, the patient was discharged from the hospital feeling svell and with < 
follosving blood counts Hemoglobin 71 per cent, R.B C 3g4M., WBC 10 400, platelets i(a 
pol)Tnorphonuclcars 51, Ivmphoc) tes 40 per cent eosmophiles 6 per cent, basophiles 1 per cent i 


heterophile agglutination test on October 16 mas 1 40 , ^ 

The Jp/een, which ss-eighcd 314 grams, was unfortunately placed in strong (too per cent) 
and then brought to Dr H Edward MacMahon for cxaramatioo Grossl) , nothing abnotma 
cemed Histologicalls , the follicfcs were found enlarged, some with set) large rcactisc 1 

extensive cellular necrosis and reticulum cell h)-perplasia The intersinusoidal pulp i^b vot: 

m number Shght subcndothchal J)'mphoc) tic infiltration of the s-cins was jircscnt sera 

enlarged l)TDph nodes were present in the splenic hilus and mere examined The capsu c a _ ^ 

architecture were mcll preserved The cords svere packed ssith nnnsuall) Urge numbrs 0 ^ 

There was parchy and an pica! hyperplasia of l)iiipbobIast like cells among which miic^^^ 
numerous These encroached upon the cords and the sinuses and at one point sprea j p,,, 

peripheral smus The findmgs in the lyunph nodes were charactcnsnc of mfcaious m 
in the spleen wuth a simple rcacuve hyperplasia 


Comment Infccuous mononucleosis is a generalized infccuono ^ 

which IS charactenzed b> a benign, self-limited course, a Thcblo^-* 

picture, and the presence of a heterophile agglutinin in the bloo sem ^ 
picture presents a well-defined I3 mphocj tosis, in which all ^},„l 

aresecn, including rare Ijmphoblasrs, frequent vcr> large Ijmp o 
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glassy qtoplasms, and ordinary large ly mphoC}"tcs, plasma cells, and mature 
lymphocytes The term mononucleosis, suggesting as it does an increase in 
monoc}'tes, is a misnomer, infectious lymphadenosis being preferable An out- 
standing feature of the disease is the lack of associated anemia and of hemorrhagic 
phenomena In fact, if anemia or thrombocj topcnia is present, the diagnosis of 
acute leukemia rather than of an infectious condition is usually justified However, 
a few cases have now been obser\''cd in which a well-defined thrombocy topcnic 
purpura was present We first observed it in a case subsequently reported by Tager ‘ 
The patient was a young female law student who was thought to have acute 
leukemia because of a severe hemorrhagic state in association with a high Icuko- 
cyte count and the presence of numerous abnormal cells variously interpreted as 
myeloblasts, ly'mphoblasts, or monoblasts The true nature of the process became 
apparent when the great vatiability' in lymphocyte morphology characteristic of 
infectious lymphadenosis was pointed out Other cases have been reported by 
Minot, ^ Magnet and Brooks,’ and by Lloyd ’ In none of these cases was splenec- 
tomy required, complete improvement of the hemorrhagic disturbance occurring 
with subsidence of the infection 

In the present case, the history of a mild hemorrhagic condition of about 2. 
years duration was present However, a very marked accentuation in vaginal 
bleeding had occurred in the three weeks previous to her first visit, and sponta- 
neously occurring hemorrhagic spots had developed during a two weeks period 
Thus, at least an acceleration in the bleeding disturbance had taken place simulta- 
neously with the development of infecuous mononucleosis 

The cause of this acceleration may be speculated upon The spleen was consid- 
erably enlarged Idiopathic thrombopemc purpura may well be of splenic origin 
and possibly in the nature of a form of hypersplenism Studies by various in- 
vestigators, including Frank,® Limarzi,® and Dameshek and Miller" have indicated 
that the bone-marrow megakaryocytes, although increased in number, are deficient 
in platelet production That this may be due to an inhibitory mechamsm by an 
abnormal spleen acting upon the marrow is indicated by the greatly increased 
production of platelets by megakaryocytes which takes place very soon after 
splenectomy " Extracts of the spleen from cases of the disease have, in the hands of a 
number of investigators,® including recently Dameshek and Denakes,® resulted 
in the production of thrombocytopenic purpura in ammals 

Splenomegaly from many sources is often associated with leukopenia and throm- 
bocytopenia Thus in chronic infectious splenomegaly (malaria, syphilis, tubercu- 
losis, Fclty s syndrome), in portal hypertension, splemc vein thrombosis, Gauch- 
er s disease, etc , pancytopenia — anemia, leukopenia, or thrombocytopema — is 
often present Acute or subacute infections which involve the reticulo-cndothelial 
®>stcm of cells and result in splenomegaly — typhoid fever, brucellosis, malaria, 
subacute bacterial endocarditis, kala-azar, etc — are usually associated with leuko- 
penia and thromboc} topema In the presence of well-defined splenomegal) in 
infectious mononucleosis, a similar state of hypersplenism might conceivably 
result, with the production of megakarj ocytic inhibition and thus thrombocjto- 
pcnia In the present case, a possible mild thromboc}'topcnia had previouslj been 
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present, and the coincidental occurrence of infectious mononucleosis nnh toa 
siderablc splenic enlargement might conceivably have aggrasated the pro.o) 
In any event, the development of severe bleeding jeopardized the patient $\t 
and led to the operation of splenectomy, which was dramaticalh successful 
Of interest in connection with the present case is the occurrence in some cases o' 
idiopathic thrombopemc purpura of a well-defined Ij mphoc) tosis This has Ken 
pointed out by a few observ-ers, notably by Minot," who suggested the possihilin 
of an altered endocnnal function Another possible mechanism for the rcsctxJ 
granulocyte-lymphocyte proportion is hypcrsplemsm That is, the spleen micht 
not only depress the formation and deliver) of megakaryoc) tes and platelets, hut 
cause a reduced deliver)’- of neutrophiles from the bone marrms and thus result in 
lymphocytosis The whole subject of spleen-bone marrow relationships unJtt 
normal and pathological conditions has onl) recently come to the forefront, anJ 
many questions relating to the possibly increased activit) of the spleen mustauait 
further investigation 
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EXPERIMENTAL LEUKOCYTOSIS THE INEFFICACY OF P-CHLORO 
XYLENOL AND METHYL ACETAMIDE AS BONE MARROW 

STIMULANTS 


By Leo M Meyer, M D 

INTRODUCTION 

I N 1943, Zondek and Bromberg' produced leukocytosis in human subjects 
with intramuscular injections of methyl acetamide and para-chloro-xylenol * 
In this group, 17 were normal, 4 suffered from t)phoid fever with leukopenia, 
and 4 had local infections with leukocytosis The maximal responses were ob- 
tained by using a 70 per cent solution of methyl acetamide with 15 per cent p- 
chloro-xylenol (referred to as CXM) In the normal subjects, leukocytosis of 10 
days duration resulted from injecting 50 cc of the above solution over a period 
of 3 days In the typhoid fever patients larger doses were required to produce 
leukocytosis and this did not persist when the injections were discontinued In 
the cases of local infections with leukocytosis, the response was more prompt, and 
reached extraordinarily high levels In addition to the leukocytosis, there was a 
distinct shift to the left in the polymorphonuclear leukocytes with the number 
of >oung and band forms being increased Sternal marrow examinations during 
the height of the leukocytosis showed a high percentage of band forms The 
authors suggested that CXM had a selective stimulating action on the mjeloid 
elements of the bone marrow without affecting the red cells or platelets The 
graphs reveal that 5 days was the longest period of time over which the drug was 
given (in typhoid leukopenia) The authors also studied the effect of CXM on 
rats, hens and rabbits, but because of the marked fluctuations in the total number 
of white cells in these animals, no conclusions were reached 

methods 

In this study the peripheral blood, bone marrow and internal organs of two 
groups of rats which were given doses of CXM comparable to those recommended 
b) Zondek and Bromberg were investigated Fifteen mature white rats (weighing 
about 100 Gm ) and seventeen mature gray rats, averaging about 400 Gm , were 
used The animals were housed in small cages in groups of 3 or 4 and given water 
and Purina dog chow ad lib Because of the fluctuations in leukocyte counts in 
rats as a result of manipulation or trauma, the animals were handled several times 
1 daj , and blood counts taken (by clipping the tails) at different intervals, in 
order to determine the highest normal count for each subject The intramuscular 
osage \\ as o I cc for the smaller animals, and o 2. cc for the larger ones The rats 
"ere injected at intervals of 12. and 2.4 hours, and blood counts taken at varying 
periods The smaller animals received a total dosage up to o 4 cc , and the larger 
ones o 8 cc Several animals were found dead after i or 3 dajs administration of 
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the drug The other animals were killed by a blow on the head Smears of tl 
vertebral marrow and histologic sections of a vertebra, liver and spleen «erc 
examined 


OBSERVATIONS 

Figures i to 4 indicate the typical variations in leukocyte response to single anJ 
multiple injccnons of CXM in two senes of rats The maximal effect vas reacheJ 
IX to 36 hours after the first injccnon, with a slow return to normal in 13 103^ 
hours The animals receiving x, 3 and 4 injections evidenced a leukocj te respond 
no greater or more substantial than those receiving one dose In all instances, the 
maximal percentage of polymorphonuclear cells was about mice the highest 
figure reached in the week prior to the injections All the cells vere of the mature 
variety and no shift to the left could be determined It is notessorthj that the 
animals responding with the greatest leukocytosis showed unusuallj high counts 
before parenteral therapy began These observations are in accord w ith those of 
Zondek and Bromberg,* who noted hypcrleukocytosis when CXM nas injccicJ 
in patients with local infections and leukocytosis Bone marrow smears and set 
tions in all 4 groups were normal The myeloid elements were not hj pcrplasiic, 
nor was there any suggestion of hypoplasia or atrophy of the erj throid series 
A shift to the left did not occur and the megakaryoc) tes were unaffected The 
sections of spleens also indicated normal histologic appearances m all 4 groups 
Pathologic alterations occurred only in the livers of rats receiving single doses of 
CXM as evidenced by mild cloudy swelling, whereas those receiving multiple 
injections presented extensive and advanced hydropic degeneration In soro* 
hepatic cells there was beginning fatty metamorphosis 


DISCUSSION 


The increase in the number of polymorphonuclear leukocytes in the peripheral 
blood apparently results from a withdrawal of these cells from depots throughout 
the body (spleen, vascular bed and bone marrow) and not from marross stimuli 
non The fact that the leukocytosis could not be sustained further suggests that 
there was no stimulation of granulocyte production but rather an expulsion 0 
these Cells from reservoirs This redistribution phenomenon is a normal p )S' 
ologic mechanism which in this instance is augmented by the injection 0 * 

Apparently the capacity of the vascular recesses as storage depots for bl 
after delivery from the marrow is not exhausted b> normal physiologic rcquir 
ments Examinauon of the bone marrow of human subjects during acutt in ectio^^ 
associated with leukocytosis usually shows an increase in the mycloi cc s 
a shift to the left Such findings were not obtained in any of the rat mart 
observed 


SUMMART 

I Single and multiple injections of CXM (methyl acetamide 
xylenol) have a similar action in increasing the total number of poly morp 
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leukocytes in the peripheral blood of a group of 3^ rats No shift to the left 
takes place 

X There is no stimulation of the myeloid elements of the bone marrow to sug- 
gest that this leukocytosis is due to hyperplasia 

3 The evidence suggests that the mechanism for the leukocytosis produced by 
the eXM consists of releasing hlood cells from depots in the body This action is 
selective for the granulocytes as the red cells and platelets arc not affected 

4 There is progressive degeneration of the parcnch) mal cells of the liver after 
single and multiple injections of these substances 

5 If less toxic combinations of methyl acetamide and para-chloro-xylenol could 
be obtained, they might be of value in the treatment of certain patients with 
leukopenia or agranulocytosis more particularly when the bone marrow is hyper- 
plastic but the granulocytes arc not released 
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THE EXCRETION OF UROBILINOGEN IN THE STOOLS AND URINE 
DURING MALARIAL BsTFECTION 


By A DE Vries, M D 

With the technical assistance of F Schiffer, Dipl Ing 

A VARIABLE degree of blood destruction over and above that occurring ph)ii 
ologically is a constant phenomenon in attacks of malaria Although blooJ 
destruction is always increased in a malarial attack, chmeal signs of hcmoljsis 
Qaundice, anemia, etc ) are not always present 
The dinical syndrome of hemolytic anemia in malaria is known in its scicint 
form as blackwater fever, which is characterized by the acute development of i 
marked anemia, hemoglobinuria, intense jaundice, and marked reticuloqtosis 
In less severe hemolysis, there is only slight jaundice and moderate anemia, accora 
panied by a slight rise in the number of reticulocytes and by an increased excretion 
of urobilinogen in the unne However, in these cases the hemolytic nature of the 
jaundice is not generally accepted Stitt*** remarks It is not improbable, although 
this point IS often disputed, that the yellow unge of the skin and the sclerae often 
observed in malaria is due to the tinting of the tissues by the liberated hemoglobin 
and not as popularly believed to biliousness or cholaemia from bile absorption 
Hemolysis in its slightest form may at times be manifested, according to Stitt 
and Manson Bahr, by a positive indirect van den Bcrgh reaction in the blood, even 
without clinical jaundice In addition, there are cases of malaria in which ncithtr 
chmeal signs nor laboratory findings pointing to hemolysis are observed In this 
mild form, if treated early, no appreciable anemia develops, no jaundice is obsened, 
no increase of bile pigments in the blood is found, even urobilinogenuria maj be 
absent and reticulocytosis may not be encountered 
The purpose of this paper is to show that increased blood destruction in malifii 
IS mamfested by an increased excretion of urobihnogen in the stools, even uhena 
the above recorded signs of hemolysis are lacking These studies give further in i 
cation of the importance of the fecal urobilinogen output as a aiterion o t e c 
gree of blood destruction 


MATERIAL AMD METHODS 

The material upon which this study was made comprises lo 
malaria One patient suffering from benign tertian malaria was stu le ^on 
admissions, the second time during a relapse appearing 5 weeks a ter i ^ 

admission The age of the patients varied from 19 to 67 years 

men None of the patients suffered from any other disease prior to a ^1^, 

no complicating conditions were present during of 

diagnosis was bemgn tertian malaria, in 4 malignant tertian 

From the Medical Department, Ditision B Rothschild Hadassah Unncrsin ^ tii 

the Laboratory of Pathological Phjsiology, Hebrew Unitersit) Jerusalem a cs 
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benign tertian were relapses, and a. of the patients with malignant tertian had their 
first attacks In all of them the diagnosis was established b> the finding ofparasitcs 
m the blood 

The patients were admitted on the first to the sixteenth day after the beginning 
of the illness All of them, except one, had fever cither on admission or on the 
previous day Only one patient (no 3) was admitted 3 days after defervescence, 
nevertheless, significant observations on urobilinogen excretion could be made 
dunng hospitalization 

The number of paroxysms in the cases of benign tertian malaria varied from i 
to 3 Two patients with malignant tertian malaria had z and 3 paroxysms respec- 
tively, and 2. others had continuous fever The total period in which fever occurred 
varied from 3 to 6 days in the patients with benign tertian malaria, and from 6 to 
19 days in those with malignant tertian Medication consisted of quinine and 
atabnn Quinine as the only drug was given in x cases, atabrin as the only drug in 
X other cases In 5 cases medication consisted of a course of quinine followed by 
atabrin The maximal dose of quinine given was ii 4 grams in 9 days, the maximal 
dose of atabnn x 8 grams in 7 days No medication was given in case no 3, as no 
parasites were found In all cases asexual forms disappeared rapidly from the blood 
with medication In only x cases (nos 7 and 9) were gametocytes present after 
treatment 

Evidence of increased blood destruction was obtained by 
1 Repeated determinations of hemoglobin and red cell values 
X Repeated determinations of the reticulocyte count 

3 Repeated examination of the icterus index and the qualitative van den Bergh 
reaction in the serum 

4 Quantitative determination of the amount of urobilinogen excreted in the 
stools and in the urine during and after the attack 

The red cell and hemoglobin values were estimated in venous blood The red 
cells were counted in a Spencer counting chamber, two determinations with two 
pipets were performed and the average taken Duplicate values differing by more 
chan 100,000 per mm’ were discarded The hemoglobin content of the whole 
blood was determined with the Stufenphotometer according to the method of 
Heilme) er’ and expressed in grams per too cc 
The reticulocytes were examined by the Nile blue method A smear of a i per 
cent aqueous solution of Nile blue was made on a slide and allowed to dry A cover 
glass, on which was placed a tiny drop of blood, was gently pressed on the Nile 
blue smear and the count performed after 10 to 30 minutes At least 500 red cells 
"ere counted The reticuloc) tes were calculated as the percentage of the red cell 
count, as well as the total number per mm’ (The normal value less than i per 
cent ) 

The icterus index was measured by the modified Meulengracht method (the 
highest normal is 7) 

The quantit) of urobilinogen excreted in the stools and in the urine was deter- 
mined b) the method described b) Watson ’ After discarding the first stool pro- 
duced after admission, the stools were collected during 48 hour periods and were 
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examined for at least two periods (in only a few instances w as one collcaion rt- 
continued for yx hours) The samples were kept in a dark place in a contnr-r, < 
rounded by ice Determinations were performed at the end of each 4S hourperu^’ 
The urine was collected during 48 hour periods under the same conditions T> 
values were expressed as milligrams of urobilinogen exacted in 14 hours T 
normal values found by the author ranged from 50 to 180 mg for the stools r' 
up to X mg for urine per 74 hours (5 normals) The normal lalucs gi\cn m tl 
literature range from 100 to x8o mg per 14 hours (Dameshek ct al ‘ 66 to i«o r: 
per 24 hours, the highest value given by Watson* is 280 mg per 14 hours) 

RESULTS 

TECE TOTAL EXCRETION OF UROBILINOGEN PER DAY 

In all of the 10 cases examined, the total excretion of urobilinogen (in stools pki 
urine) was found to be increased The highest total daily excretions fot each pi 
tient calculated from a 2 day period varied from 370 to 1142 mg (431, 1141, 51c 
370, 851, 438, 949, 367, 518, 477) The highest total dail) exactions calculitci 
from 4 day periods varied from 325 to 822 mg (375, 822, 412, 314, 5S6, 361,74 
325, 475) Thus in 9 cases the exaetion was found to be inacascd during a co" 
tinuouspcnod of at least 4 days, during which 11x048 hour samples u ere cxamin 1 
This excludes accidental fluctuations (In case 9 the total exaction could be meis 
ured onlj during a 2 day penod at the beginning of the hospitalization ) 

Factors which might possibly influence the exaction of urobilinogen arc diar 
rhea and constipation, diet and fever None of our patients had diarrhea or Svsctc 
constipation, and none received laxatives Since ingestion of a large quantiti of 
fat may increase hemolysis' all of our patients were given a normal diet unh an 
average fat content of 60 grams a day In the writer s experience fcicr itself Jori 
not inaease the quantity of urobilinogen exaeted in the stools (normal 'alucsucr* 
obtained in Malta fever and typhoid fever) This corresponds to the findinp of 
Vaughan and Saifi,® who generally did not find an inaeascd exaction of urobilino- 
gen in infectious diseases Medication cannot be held responsible for the incrcL'c 
excretion, since dunng the course of the treatment the excretion of urobilinocrn 
gradually diminishes In case no 3 no medication was given at all and the urohi ir 
ogen exaction in the stools was found to be inacascd ^ 

It is thus evident that the inacasc in the total exaction of urobilinogen obsen i- 
in our cases can only be the sequel of an inacascd red cell destruction due to t 
malarial infection . , , 

The earliest period in which the total dail> exaction of urobilmogim cou 
measured was the third and the fourth days of the illness (case i) Alt 
patient came in within 24 hours after the beginning of the attack, ^^,3 

discarding the first stools made the determination pxisstblc onl) on t c^^^ 
the fourth days, when it was found to be inacascd (319 mg per M 
inacascd total daily exaction of urobilinogen is as obsened ^ ^ eJoutf* 

defervescence In 6 cases a return to practically normal r alucs uas ° ^ 
seventh to twenty -first day (nos i, x, 4, 6, 9, 10) In two cases C 5 > ^ 
detemunauons on the eleventh and ninth days still shouc an in 
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but there was a definite tendency to become normal These findings furnish i" 
tional proof that the increased excretion of urobilinogen found in malaru is J 
to the infection itself In cases 3 and 7 the last values obtained sserc still high f 
It may be assumed that a return to the normal would base been found hid tf 
examination been extended for a longer penod 

The amount of urobilinogen excreted in the stools forms, of course, the mi|v 
part of the total excretion The highest daily excretion m the stools, calculat 1 
as the average of a x day period excretion, was 1136 mg 

THE EXCBJBTION OF UROBILINOGEN IN THE URINE 

In all cases except one (9) the daily excretion of urobilinogen in the urine s\n 
found to be significantly inaeased The highest daily excretion obsened ini' 
day period was 58 mg The amount of urobilinogen excreted in the urine return J 
to practically normal values in 3 cases (i, 7, 8) after about 8 da) s In 3 cases (4, 
10) the excretion decreased markedly but did not reach the norm during 10 to ij 
days In cases 1,3, and 6 there was also a tendency to decrease but to a lesser degree 
The decline in the excretion of urobilinogen in the urine preceded that in th 
stools There was no correlation between the excretion of urobilinogen in thesiooU 
and in the urine For example, on comparing the excretions in cases i and 9, th 
quantities of urobilinogen excreted daily in the stools were 413 (case i) and pf 
mg (case 9), and m the urine 48 mg (case i) and 4 5 mg (case 9) respectiscl) 


ANEMIA 

Although increased blood destruction was present in all cases examined, sit 
nificant changes in the red count were observed in only 6 cases (i, i, 5, 6, 9, >C/ 
An appreciable fall in the red cell and hemoglobin values during the period of stu t 
was observed in only 3 cases (6, 7, 10) There was no correlation between the ton 
quantity of urobilinogen excreted and the fall in the red cell and hemoglobin salucs 
Sufficient explanation for this is seen in the fact that the level of the red bio cc 
values before the beginning of the illness could not be determined, that changes in 
water balance may mask actual changes in the blood count, and finall) i at an 
increased blood destruction may be compensated by increased regeneration 
No correlation was found between the degree of anemia and the amoun 
urobilinogen excreted in the urine (compare cases 9 and 4) 


JAUNDICE AND BILE PIGMENTS IN THE BLOOD 
In onl) I case (no i) was definite jaundice noted chnicail) , corresponding 
high icterus index (50) and a positive indirect van den Bcrgh reaction 
9 cases clinical jaundice was not observed, and in none of them was t c ^ 
index higher than xo, the indirect van den Bergh reaction was jj, 

of these cases In 4 cases onl) traces of indirect reacting bihrubin were^^oj ^ 
blood In the remaining 4 cases no laboratory findings suggcsci^co ate 
were revealed It is thus evident that there is no correlation jf. 

amount of urobilinogen excreted and the degree of jaundice, t ^ 

icterus index or the orcsence of an indirect van den Bcrgh reaction 1 
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relationship between the amount of urobilinogen excreted in the urine and the 
laboratory evidence of jaundice 


REnCULOCYTES 


An increased number of reticulocytes was found in only 3 cases (i, 5, 10) with 
the lowest red cell values The increased excretion of urobilinogen was not asso- 
aated with reticulocytosis (cases 7, z) m the absence of anemia It seems that in 
some Cases the appearance of reticulocytosis may be delayed by the malarial in- 



cction In case 10, for example (see graph), the reticulocytes began to rise 3 days 
^nd after the disappearance of the parasites from the blood 
nis corresponds to the observations of Castle and Minot® and of Blackie How- 
ever reticulocytes may also appear while fever is still present and parasites are 
found in the blood (case 5) 


DISCUSSION 

In contrast to the numerous reports on the excretion of urobilinogen in the urine 
in malaria, studies on the total excretion (in stools and urine) arc scarce 

anson Bahr” states The corresponding pigment in the faeces (hydrobiliru- 
in) IS increased to twenty times the norma! amount, as long as there is fever and 
parasites arc present in the blood 

Eppingcr’- mentions a case of relapsing malignant tertian malaria in which the 
ai \ amount of urobilinogen excreted m the stools was 330 and 364 mg (the 
up^r normal range according to this author is 140 mg daily) 

n increased dailj total excretion of urobilinogen was found in all our cases 
SIP ^ excretion was present even when no appreciable anemia or other 

emoljsis was observed Although the amount of excreted urobilinogen 
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cannot be used as an e\act indication of the quantit) of red blood cells J-suo; ' 
the observed lack of correlation between jaundice and total urobilinogen eta 
leads to the assumption that the amount of red blood cells dcstroicj is no t'- 
onlj factor responsible for hemol) tie jaundice in malaria As pointed cr i Vi 
Miller, Singer, and Dameshek,* none of the various indices of increased 
destruction is speahe, except for the fecal urobilinogen output, which goes i 
equivocal evidence of an increased breakdow n of blood 

The additional factor responsible for the development of jaundice in hcmolvt 
conditions is probabl) the inability of the liver to deal with the bilirubin fore i 

(Watson”) The liver in malaria was studied s) stematicallj b) some in\cstiein^> 
and a disturbance in liver function tvas revealed in most cases (kopp et al ' 
Greene et al Mirsky et al ’*) 

No attempt was made in our study to correlate jaundice and routine liver fur. 
non tests as they bore no constant relationship to the state of the liver Som* ir'i 
cation of the functional capacit) of the liver ma) be furnished bv the amount c 
urobilinogen excreted in the urine (Watson’') 

Numerous authors are of the opinion that the amount of urobilin orurobilino; " 
in the urine is always increased in malaria (Atkinson,” Antic and N’eununn ” 
Saupc,-° Reynolds,-’ Gordon,^- Ballerstedt**) Ocher investigators claim that il 
amount of urobilinogen in the urine is increased in some cases of malaria anJ ro 
in others (Uvedalc Owen,-’ Plchn,*' Sutt") Uvedale Owen** states that urobilira- 
genuria is gcncrall) more excessive in malignant tertian malaria and that thcquir 
tity of urobilinogen excreted in the urine bears no relationship to pyTcxia, enlarr 
ment of the spleen, or the number of parasites present in the blood His sniJii 
indicate that quinine increases the excretion of urobilinogen in the urine and thit 
this increase may appear 8 to 37 5 hours after the first dose 
According to Plehn-’’ Urobilinuria in malaria is only a symptom of livr 
disturbance Hence urobilinuna need not necessarily be found in cverv cas^ n' 
malarial fever, for malaria may exceptionally spare the liver The results of cr-r 
quantitative determinations show that the excretion of urobilinogen in the urir 
in malaria may or may not be increased In 7 of lo cases it was found to he mir 
edly increased during the picriod of fever and decreased rapidly after defers escer ^ 
In I case (9) it was found to be pracucally normal, although fev cr w as pres nt it 
parasites were found in the blood In leases there was a slight increase of utobi iro- 
gen excretion in the urine (cases i and 3) 

No correlation was seen between the amount of urobilinogen cxctcic m t 
urine and that excreted in the stools It thus seems that red cell j 

cannot account for the increased excretion of urobilinogen in the urine an t 
disturbance in the capacity of the liver to remove the absorbed urobibnoc.n^^t^^ 
the intestine must be assumed In this respect the bile pigments in 
as in other hcmoly tic diseases (Watson”) Fever itself cannot be he 
for the urobilinogenuria, as normal values were found in case 9 m ^ j 
py rexia and the same observ ation w as made in other febrile diseases sue ^ 

fever and typhoid fever (sec also Watson®) No difference was oun 
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benign and malignant tertian malaria as to the quantity of urobilinogen excreted 
in the unne On the other hand, the excretion of urobilinogen in the feces is con- 
stantly increased 


SUMMARY 

In lo cases of malaria (6 benign tertian, 4 malignant tertian), the excretion of 
urobilinogen in the stools and in the urine was studied In all 10 cases the amount 
of urobilinogen excreted in the stools was found to be increased After deferv es- 
cence and disappearance of parasites from the blood the excretion graduall) de- 
clined The increased excretion of urobilinogen in the stools was the constant and 
sometimes the only evidence of increased blood destruction occurring at times in the com- 
plete absence of jaundice and reticulocytosis Increased excretion of urobilinogen 
in the urine was not a constant feature 

It is suggested that the development of jaundice and of urobiligenuria is due 
not only to the liberation of pigments by the hemolj sis, but to a disturbance in the 
liver function 

This study lends further confirmation to the concept that the onl) unequivocal 
evidence of increased blood destruction is shown in an increased output of urobilin- 
ogen in the feces 


The author is mdeberd to Dr M, Richmtlcwiti for his suggestions and cnticisms 
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EDITORIALS 


rOLlC ACID 

W HAT IS known as folic acid appears to have become one of the wonder drugs 
of 1946 A great vanety of widel) scattered and often unrelated iniestiga- 
tions by biologists, chemists, pharmacologists, and clinicians has culminated in 
the startlmg fact that only a few rmlligrams of this chemical are productive of 
reticulocyte and erj^throcyte responses in pernicious anemia E-ven more striking 
are the effects in such related deficiency states as sprue, in which the response to 
the injections of liver extract, although good, is often slow and far from satis- 
factory In other macrocytic anemias originating in a deficienc) state (pernicious 
anemia of pregnanc)", tropical macrocytic anemia, perhaps even the macrocjtic 
anemia of arrhosis of the liver), it seems likely that folic acid ma) suppl) a missing 
factor It should be realized, however, that not all macrocytic anemias are due to a 
dcfiaency state, e g , certain cases of leukemia, hemolytic anemia, bone-marrow 
disease, etc , may be associated with a mean red cell size above the average In 
this issue. Berry and Spies bind all the various loose threads — 1 e , the L casei 
factor, the M factor, the vitamin, etc — into an impressive meshwork repre- 
senting the present state of our knowledge of this interesting chemical A host of 
new problems for the active investigator is immediately set up What relation- 
ship, if any, does folic acid have to liver extract, since highly purified preparations 
of the latter material contain insufficient folic acid to result in a remission? How 
docs It work in pernicious anemia — directly, or through some complex set of en- 
zyme systems^ Will it prove as beneficial as liver extract in preventing and treating 
the neurologic features of pernicious anemia^ etc , etc Until very recently this 
disease seemed to be all set, signed and delivered , now, its relation to the other 
dcfiaency macrocytic anemias has to be redefined, and it again becomes a fresh and 
fertile field for the investigator 


NOT so BENIGN INFECTIODS MONONUCLEOSIS 

Infectious lymphadenosis, or mononucleosis as it has been miscalled for many 
years, has always been considered a very benign condition Certainly this is almost 
always the case In this issue, however, arc three articles which stress some of the 
occasionally serious complications, such as spontaneous rupture of the spleen, 
which may ensue The moral of the articles by Smith and Custer and by Vaughan, 
Regan, and Tcrplan is plain In a patient known to have the disease, splenic palpa- 
tion may well be dispensed with, if the disorder is only suspected, go gently I 
Apparently the surface of the organ is rendered so friable by the disease that the 
slightest trauma may be just sufficient to cause its rupture 
Another more unusual complication is the development of thrombocytopenic 
purpura due perhaps to hy pcrsplenic effects In the case cited in this issue, splenec- 
tomy finally became necessary to control the bleeding Other complications may 
be hepatitis, severe Vincent s angina of the throat, and various acute disorders of 
t c central nervous sy stem The lack of benignity under all these circumstances sug- 
gest^ that further search should be conducted for an appropriate form of therapy 

William Dameshek, M D 
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HEMATOPOIETIC TISSUES 

OLn^ p joj^, phX) 

Growth of Lt>iph Nodes TH^^ras av-d Spleii., afjd Otrntrr of Thorscic Duct LiMPHoarn d, in 
Normal Rat JV 0 Kewbardt Anar Rcc g +. 197-1.11,1^6 

The Fcsnits of stndi mg growth of lymphoid nssnes m 474 rats fiom birth to 19 mooths of ag- u v-r 
intcrcstiDg, but most important for the hematologist arc the data collected oa rbc ourpnr o! Irmfhxra 
Thoracic and ccrrical Ivmph ducts m 33 adult female rats were cannulated for Tamng fwiods lel li- 
l)Tnph collected for cell count and volume studies The total number of Ivmpbocncs dclivcr-d to ti. 
blood stream per hour is about 9 million This means that approximatcls 10 per cent of the total Irngi"'- 
C) tes m the blood stream arc replaced hourlv The entire Ivmphoo tc popnlanon m the blood isrcpli^' 
2. 05 ames per da) and the average life span of a lymphocyte m the blood stream is i_ hours In this etc 
nccnon it should be noted that followmg transfusions of cells labeled with acnfiavint hvJroJiltnl- 
l)'mphocTtcs were found chicfl) m the bone marrow (Farr Anat. Rec 460 1946) 


BLOOD TRANSFUSIONS AND BLOOD SUBSTITUTES 


EUGENE L. LOZNER, MX> 

Amino Acids in the Prodoctiov of Plasma Protein and Niteooes Bu-ssce. S C AUUrr tzJC H 
WhtffU Am J M Sc III 149-56, 1946 

It IS obvious from this and previous reports of Madden and his vanous co-wotlers that th. ten o«:ni! 
ammo acids mas be gtsen by mouth vcm, subcutaneously or intrapentoncallv and mav maintain nim- 
gen and weight cquilibnura in the dog The observanons reported bcrein include those on) panaoc 
which ammo aads were given intravcnousls subcutaneousls and orallv vnih favotahle clmial ttsalu. 
Madden feels that ammo aad miitutes arc better tolerated parcntcrallv and more palatable inll' du- 
protem hsdrols sates Hois ever he pomts out that ammo aads offer practical problems in larg* sca_ 
production and as set arc expensive Ac the present moment thes cannot be considered a signi— a- 
therapenne agent except m research laboratones 


Studies on Tradmatic Shock V The Treatment or Clintcal Shock with Gelatis E 1 brs’s a* 
H S Rafal 'Vnn Surg iii 47S-94 1945 ^ 

Evans and Rafal in this amde pros ide additional data m support of the mcrtasingli evident con 
that gelatin is a set) useful subsntutc for plasma m sitnauous where dcaeased plasma volnme is ^ 
or IS imminent Thes base used both lightls and hcasil) degraded gelatin in tranmancshix^^^ 
bum shod., and m these situations the lightls degraded gclann appeared to be snpmoi in t t it^^ 
retamed longer m the blood stream The) discuss the advanages and disadvantages bncflv an 
be well to repeat the disadvantages here These consist of pscudo-agglutmanon of the red cc s 
ting blood grouping and cross rnatchmg (this ma) now be abolished bi usingadropof ipeti^^^^ 
m the et) throes to-scrum gclatm suspension) high siscositv which renders the gelann - 

possible to administer when cold (a 6 per cent gclann solunon must be l.cpc at appronmaie r ^ 
and the fact that gclann docs not suppls ans oxs gen-carrsTng capaats which mav be importm ^ 
proper management m shod- doe to trauma and m bums Thus thes pomt out that gclatia 
plasma) cannot be used as a true subsntutc for whole blood 
This reviewer desires to call attennon to two addinonal disadvantages one the nutnnoa 
of gclann as a protein and the other the fact that these gclann solutmns requite cspeci 
preparanon m order to produce a nonpsTogcnic and nntform tnatenal 
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HEMOSTASIS AND HEMORRHAGIC DISEASES 

MARILYN T SCHITTONE, M D 

The Proonootc Value or Marrow Eosinophils in Thrombocytopenic Purpura Sttvtn 0 Scbicart:^ 
Am J M Sc 2op 579-87 1945 

The author presents a study of 30 cases of thrombocytopenic purpura and attempts to show that in- 
aeased eosinophils in sternal bone-marrow puncture preparations represent a faiorable prognosis for 
spontaneous recovery while the presence of relatively few such cells suggests a chronic course with 
probable necessity for splenectomy He believes that marrow cosinophilia under such circumstances 
represents an allergic sute and that the thrombocytopenia represents a sensitization reaction involving 
the megakaryocytes An arbitrary base Ime of 50 eosinophils per 1000 leukocytes of the metamyelocyte 
and polymorphonuclear scries was chosen because eosinophils presumably arise from the same stem cell 
and because speafic stimulation or decrease of granulocytes does not occur in this disease Those patients 
shovfing more than 50 eosinophils per 1000 granulocytes in bone marrow had a relatively benign course 
followed by complete hematological and clinical recovery wnthout splenectomy Those with fewer than 
30 eosinophils per 1000 granulocytes tended to have protracted courses without cure except by sple- 
nectomy Blood transfusions were felt to hasten recovery in the first group Correlation was not found 
between marrow and peripheral eosinophilia 

The author is aware of the limiutions necessarily inherent in attempting to make a prognosis based 
on the numencal evaluation of a single cell, but suggests that certain correlations exist which may be 
helpful m considerations of prognosis and treatment 

Ct!t Analysts iz cases 50 or more eosinophils per jooo granulocytes in marrow, had short courses wnth 
spontaneous recovery i case Less chan 50 eosinophils, spontaneous recovery (the author feels the marrow 
was exanuned too late and after platelets had inaeased) z cases Few eosinophils and chronic course 
5 cases Few eosinophils, and responded to splenectomy 3 cases High eosinophils and responded to 
splenectomy ( allergic chrombopeoia apparently can do well with splenectomy) 4 cases Few 
eosinophils, and death of patient 3 equivocal ’ cases 

Omc Atrophy after THROStBOcrroPENic Purpura P V Carcllt and J Cangtlms J A M A raj 330, 

1945 

A case IS presented of a 6 year old Italian male who was first seen because of uncontrollable, nontrau- 
matic epistaxis occurring one week after the onset of an upper respiratory infecuon Examination re- 
vealed pallor and hemorrhagic areas over the eyes, forehead, lips, and lower extremities Laboratory 
data disclosed a mild normochromic anemia leukocytosis, and marked thrombocytopenia with normal 
bleeding and clotting time Two weeks after onset of illness, he suddenly developed failing vision A 
diagnosis of left corneal infiltrate and left retinal hemorrhage was made Under therapy the infiltrate 
healed but subsequently optic atrophy developed Splenectomy, performed 7 weeks after onset of illness 
and during an apparent quiescent phase, produced an almost immediate return of the blood picture to 
normal but the eye findings are still unchanged zo months after onset of the disease The bilateral optic 
atrophy is attributed to hemorrhage into the nerve sheath and probably into the orbit A review of the 
iterature tends to show the rather infrequent observation of a choked disk and of z cases of optic 
atrophy which did not respond to splenectomy 

This case emphasizes the necessity for the consideration of early splenectomy m cases of idiopathic 
^jomboqtopenic purpura cspeaally when massive or uncontrollable bleedmg occurs Prolonged 

anon may result in a serious and irreversible complicanon or even m death from hemorrhage into 
^ ' ital organ 

nxoMDopENic Purpura Due to Sodium Salicyi-ate Major A E Rappaport, Lt Col C E N/xtw, and 
A Barker J Lab &.CIin Med jo gi6 1945 

a total^^f Present the case of a 37 > car old Negro male who was treated for rheumatoid arthritis with 

o 44 grams of sodium salicylate o\er a period of one month without response Treatment was 
staxis ^ ^ '^ecks later for 9 days with a daily dosage of J gram a day following which a severe cpi- 

occurred Treatment was continued two days more with the development of hemaruna, hemate- 
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mcsis Urge oral and con;uDcmalccch}Tii 05 n and sub'^equcntl) Urge bladder hematomas and ntru 
peteduae Platelet counts were decreased (normals for the Uboraton were not given) The to--.-,--. 
test was Strongl) positive There was poor to absent clot retraction and the bleeding tim svasXtb b 

prolonged The other detenmnaaons were normal or consistent with the severe anemia Abon ca~i 

puncture specimen revealed megahar>oq tes which appeared to be plentiful and which were imci J 
with vacuolated cv topUsms and pyknonc nuclei Because the diagnosis of pnrpiira hcmonhapci 
made, a splenectomy was performed but the patient died lo davs postop-rativelv Eiammanon o' t!u 
spleen revealed metaplasac foci of mcgakarocj tes 

The authors feel that this case represents one of allergv to sodium salia late with th. produenm 
thrombopcnic purpura because of the history of exclusiv e medication with sodium salicylam, tb. fiilr- 
of splenectomy to cure and the morphological data revealing the tome effect represented m tb 
megakary ocytes 

The extreme reaction evidenced m this case contradicts Schwartz s impression that allergic throni.v 
cy topenia tends to show recovery whether or not splenectomy is performed This case nu) represent or, 
of extreme toxiaty rather than one of simple allergy where recovery ordmanlv follows promptly opr 
remov al of the offending allergen No note is made of a marrow eosmophilia 


Throsibocttopenic Purpura E>ue to Mapharsen Marrin Schwann. anJ Elmm C VerJn - HiiJi J A \l \ 

iSg 657-39 1945 

A case is reported of thrombocy topienic purpura following the prolonged admimstratioa of nuphitsm 
A 14 year old white male was treated for early syphilis with o 06 Gm of mapharsen and hismnth for 33 
weeks Two days followmg the last dose, he developed a severe headache nansca and vomitmg bW 
mg from the mouth and nose, and petechiae and ecchymoses of the eitrcmiucs Labotatorr stoJri 
revealed a mild anemia marked reduenon m platelets, normal clottmg time prolonged bleeding tic. 
no clot retraction, and a strongly positive capillary fragility The spleen was enlarged to two 6iig"i 
below the costal margin Recovery ensued rapidly on vnthdrawal of the drug AmonthUtcr testdoicg 
with mapharsen (containmg i 3 mg of arsenic) produced severe headache but no change m pliteh 
count However 40 mg of neoarsphenamioe (conummg 8 mg arsenic) aimimstered uurasenoaib 
reduced the platelet count from 180 000 to 1,800 Withm one half hour after the m) ction th pittat 
began to bleed from the nose and mouth and hospitalization was necessarv Laboraton dau again show 
the findmgs of thrombocytopenic purpura Three days later all findings were normal Bismuth thetift 
was reinsatuted follow ing hospital discharge wsth no untow ard effect This reacnon to maphatsen hit 
many of the charactenscics of a sensitivitv reactioo The exact mechanism is not understood Thrombi:^ 
topenic reactions to arsenicals m over 60 cases culled from the literature were all charactcnied br 
bleeding from raucous membranes arapid fall marculating thromboev tes(asrapidlv as 15 toyominot 
following the injection of arsenical), and evidence of mcreased capillary fragilitv (posmve Ronf" 
Leede test and purpuric spots) In all of the cases the bone marrow showed no abnormalitv an m r 
cases the platelets m the blood were promptlv increased following injection of 
platelets m most cases begin to rise m 24 to 48 hours and return to normal in 4 to 7 davs No 
are reported as a result of this comphcation There does not appear to be a selective destruction 0 ^ 
megakary ocy tes in the marrow and the authors feel that the platelets mav simplv b* divntc i- P 
arily mto dilated and stagnant capillars beds Wtit 

The significantlv normal megakarv ocv tes m the bone marrow suggest that this evp" 0 t ro 
penic purpura is more rrulv the result of a shock reaction 


Throvibocytopenic Purpura followuno the Use or Suuathiazole F S Strcri, anf E 


AI C/j/<brt 


Ann Int Med ay 137 1945 

Thrombopcnic purpura following sulfonamide thcrapv 


IS a rare but dangero 


; occurrence It mirk 


idiosvncrasv following the initial 


ofd 


the result of acquired sensitivirv or it mav represent a true lUiosvucrass lunu.. — o -— 1, t 

drug The authors present the case of a 19 vear old soldier who was treated with su at 1 

fever After 19 grams of this drug had been given he dcvclop-d a full blown picture o^j ^ro^ jnd ws b 

purpura wuth severe cpistaxis widespread petechiae and ecchvmoses fu^tion a-* 

mucous membranes prolonged bleeding time normal clotting time poorh and calm-tt”^'' 

a marked reducuon in platelets Intensive therapy with transfusions vitamins an 
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given and after a prolonged course of illness, followed b> most of scarlet fever s complications, the patient 
recovered The authors could find no references in the literature to the development of purpura following 
scarlet fever onl) 

Hemditart Hesiorrhaoic Telangiectasia G Q Vojies and Jamej 0 TGtchy Ann Int Med 22. 

730-36, 1945 

The authors present x cases of hereditary hemorrhagic telangiectasis with the characteristic triad of 
multiple telangiectases, hemorrhage or anemia, and a history of familial occurrence The extreme fragility 
of the lesions and the time of their appearance largely determine symptomatology As the nasal mucous 
membrane is usually mvolved first, epistaxis occurs with mcreasing frequency from late childhood on 
ward In middle life, the skm and v isceral lesions appear and add to the blood loss The resulting anemia 
IS often severe but tbe hemoglobin is seldom below 50 per cent Skin lesions occasionally disappear after 
a penod of years but the anemia persists As the patient ages, the quantity of blood lost increases and 
nasal hemorrhages of 1000-1500 cc are not uncommon The 6 per cent mortality of the disease is associ 
ated with these conditions Over 500 cases occurring in 100 families have been described in the literature 
The hereditary factor seems to be transmitted as a simple dominant by and may affect both sexes Atav ism 
may occur 

Although various forms of treatment have been advocated, none seems to be sausfactory However, 
cautenzation, radium packs, iron, and transfusions arc used 

The authors patients — men of 51 and 70 — both had hemoglobin levels lower than those usually dc 
scribed and lesions in the skin, mucous membranes, upper respiratory tract, and colon One case had 
microscopic hematuna on several occasions 

The authors make the point that in cases of recurrent epistaxis or chronic anemia for which no cause 
can be ascertained, hereditary hemorrhagic telangiectasia should be considered and a search made for the 
lesions m the nasal, oral, and pharyngeal mucosa The presence of tclangiecuses in the skin and a familial 
history of similar lesions or epistaxis complete the diagnosis 

(Recently the use of thrombin fibrm foam has been of value in controlling local bleeding, particularly 
from the nose ) 


Hereditart Telangiectasia Wt^tuKundla Am J M Sc are 76-81,1945 
The author repons a case of a 56 year old white male with hemorrhagic telangiectasia (probably 
similar to the atavistic type of atypical cases without posiuve familial history) who had suffered from 
repeated episuxis from age 14 and in later life from gastro-intcstmal hemorrhage severe enough to 
produce an incapaauting anemia Muluple gastric telangiectases were seen by gastroscopic exammaaon 
An aneurysm of the pulmonary artery was present which did not mcreasc appreciably in size durmg 7 
)ears of observation Aneurysm of the pulmonary artery had not been previously reported A unique 
cature at autopsy was the presence of muluple hazclnut-sired aneury sms of the splenic artery 


ngenital AnBRiNooENEMiA Rcpoit of a casc w ith icv icw of the literature J L Hendersm G M M 
T^inaldien, tnd Harold ScarhreufJj Quart J Med 14 loi-ix, 1945 

A case of congenital afibrinogenemia m a boy of ii is presented, and 6 other cases recorded in the 
crature are rev lewed The principle features of the disease arc its hereditary character a high incidence 
o consanguinity in the parents the susceptibility of both sexes a total absence of fibrmogen m the blood, 
complete incoagulability of the blood, a usually prolonged bleeding ume, a great reduenon in capillary 
^■stance, a low erythroevte sediracntanon rate and in some cases intermittent thrombocytopenia 
c absence of fibrinogen is regarded as the principal cause of the hemorrhagic diatheses, but 
iminis ed capillary resistance may be a ccmuibutory factor The prmciple distmcuons between 
COTgenital afibnnogenemia and hypofibrinogenemia are discussed The greatest differences occur in the 
mg time, it is normal in the latter conditicm whereas no clotting occurs in the former The authors 
h literature it would appear that congenital fibroginopenia is caused probably by 

creditary defect of fibrinogen formation whereas the acquired lyyie is caused by 
*uxic or neoplastic interference with fibrinogen formauon When acquired, the condiuon is some 

transitorv It is thought that the liver and bone marrow are concerned with the function of fibnno- 
£cn formanon 
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He-iophuja like Disease iv the Female (with a note on the dottme time of the r-aInC-J 
FreJerickW Madtstn and Armsnd J QutcK hsa J M Sc 2C} 443-^7 15^5 
A case of a 30 ) ear old female rcsemblmg hemophilia both duHalb and m labo-atcrr te'- 
presented showing bleeding into mnsdes intermittent hematuria, normal bleeding and dot mm- 
times prothrombm concentrations and platelet coonts with terminal hemorrha^ at hiL-dter 
Coagulaaon was markedlr dclajed (17-11 minutes b\ Lcc-White m^hod) Madison and Qmk r-~- 
this case and true male hemophilia and find them ahke escept for age of onset and tlotting ntn t' t^' 
fied plasma Oialated hemophilic plasma subjected to high ccntnfiigauon dots signifiandvc-i 
on recalaficaaon than that obtained bp spontancoos sedimentation or slow ccntnfagaooa 'Thitacl.' 
not show that difference ArmandJ Quick (in Am J x\L Sc aer 1541) show-d that the wiTrnra 
sistcnd) posiave in a small senes of true hemophiha cases but neganve m one other atppcal 0- S-v 
phiha-like condition The sigmficance of the test is not vet known In the newlr diwoTtrtd heeio-him 
disease of swine the coagulation time of recalcificd plasma is positive just as it is m hranin h-Ccph^i 
which this SO closelr resembles Tonmiqiiet tests were posinre oq several occasions acd ipv t - 
nontraumauc hemorrhages occurred The coagulation defect however, appears to b- th peurrh — 
and the authors consider the term hemophiloid an appropnatci oijc 


Diffmntial Viafrsosit cf Hemapbilur and Hemitfhtlij-ljl! Disiisii 
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Hematuria Associated with Hemorrhaoic Diathesis K li'imroi Eraru and H C 'Aa Ijn^ la. 


The authors present the case and familial histon of a patient svHh a hemorrhagic diasthesis srep 
mancall) resembhng hemophilia ^ 

Gtst Rtpert A 3g ) ear old soldier of Greek birth suffered his fourth attack of hematuna in j coct- 
The sequence of events was the same in each instance — in the course of his work he hfteda h ivr^t ^ 
and about 4 hours later passed bloodv anne mth considerable pain the past histoTTrcvcal d ' ^ 

bcenscscrel} incapacitated from birth to the age of 14, with skin mucosal visceral musJ* m 
one occasion cerebral hemorrhages and for the neat 10 scars bled profiiscls and fo" long pnn^ ^ 
minor cuts and wounds Examinanon rescaled a large submucosal hemorrhage ceoterc ” 

ureteral onfice hj-pereitcnsibihtpof the joints, rudimcniar) toe naijs, and undue glossmess 

nails It was otherwise negatisx In spec of the severe blccdmg there was no anemia 

prothrombin time and platelets were normal Bleedings times done hp the Duke and saline ^ ^ 

normal but bleeding began agam spontaneouslv about 5 minutes after the completion o 
connnued for a further tsso minutes tr'imuE 

Invesogatioo indicated that the famils suffered from similar and often fatal id 

affecting 37 of 6l males and females for at least 4 gencranons The tendeno seem to 
Mcndelian dominant and was inbred through mamage between cousins rwice iteeiTJ ' 

patient conid not remember ciactls he suggested that rudimentars toe nails an 'Tcr- _ 5 
the joints were assoaated svith the tendenev to bleed 10 hts familt histors The aot ■ 

associacoQ map well be due to some hcrcditars anomah of collagen coadensiuon 
not be examined for dtstoroon and evidence of deficient power of contracnhrv 
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HipopROTHROMBiNEiiic Acnov OF Quinine Sulfate Leo A Pirk and Reeba Enielber^ J A M A 

i°93-95. 1945 

The luthors studied the effect of quinine sulfite on the prothtombin time of normal subjects Fi\c 
normal males ranging in ages from 18 to 43 )cars, whose nutritional state was satisfactory and whose 
prothrombin times were normal, were gi\en single 5 grain doses of quinine sulfate b> mouth daily for 
penods rangmg from 6 to 16 day s In all cases the drug produced a significant increase in the prothrombin 
time, vary mg from 5 to ii 8 seconds The times promptly regressed on discontinuanon of the drug On 
repeat testmg, the concurrent administration of vitamin K afforded full protection in all individuals 
from this quinine sulfate produced hypoprothrombinemia Neither the minimal hypoprothrombincmic 
dose of quinine nor the optimal vitamin K dose has been established yet 
The authors urge the prophylactic administration of vitamin K to troops receiving quinine sulfate for 
the purpose of eliminating the danger of prolonged bleeding from wounds 

Prothrombin Acnvin in Rats with Hepatic and Other Tuviors John B Field, C A Baumann and 
A P LmL Cancer Research 4 768 1944 

Vanous invesugations indicate that the synthesis of prothrombin probably occurs in the liver Rats 
with large pnmary hepatic tumors were used for the testing of prothrombin activ ity before and after the 
administration of dicoumarol Simultaneous observations were made on normal rats and on those bearing 
tumors m other parts of the body The rats w ith spontaneous mammary tumors, induced skin tumors or 
inoculated Flexncr-Jobling tumors did not show a prolongation of the normal prothrombin time On 
the other hand, the presence of primary hepatic tumors may cause a mild h\ poprothrombincmia Dicou 
marol in standard doses (2. 5 mg ) usually caused a more severe hypoprothrombinemia in rats with pn 
mary hepatic tumors than in the other rats The extent and duration of the hypoprothrombinemia is 
probably influenced by the amount of normal hepatic tissue present Viumin K protected normal rats 
from this dicoumarol effect, but the protective action is either lessened or abolished in those vvith primary 
hepatic tumors 

Idiopathic HypopROTHROMBiNEsnA with Report of a Case V T Austin and H Quastler Am J M Sc 
aro 491-500 1945 

A case of hypoprothrombmemia is presented The patient, a 56 year old vvhire male, presented with 
massive hemorrhages into various muscles from mucous membranes, the gastro-intestinal and genito- 
urinary tracts, and a marked anemia, with remissions and exacerbations leading to death in a few months 
Laboratory dau revealed normal bleeding time increased coagulation time poor clot retraction normal 
platelets and a negative tourniquet test The patient was Rh negative but no evidence of an anti-Rh 
’gglutmm was found The prothtombin time was markedly prolonged prothrombin concentration low, 
blood calaum and fibrinogen were normal A sternal puncture rev ealed normal marrow Autopsy revealed 
scattered hemorrhages and granuloma (questionably tuberculous) of the lungs liver, and nodes The 
possibility that this might be Hodgkin s disease or sarcoidosis was considered However the authors do 
not feel that there was a causal relationship between the hy'poprothrorabmemia and other conditions 
Uses for secondary hypoprothrombinemia were ruled out There was no evidence for K avitaminosis 
m there was a lack of response to various vitamm K preparations Autopsy showed minimal liver 
atnage and liver function tests were negative after fully developed bleeding tendencies were established 
ere ore there was no evidence for vitamin K fastness secondary to liver damage There was no dicon- 
^arol administration The authors had previously reported 4 other cases of idiopathic (questioned) 
IToprothrombincmia and realize that this case differs from the others in certain fundamental differences 
' f , age of onset familial historv course coagulation amc, clot retraction and blecdmg, and tourniquet 
tests) and conclude that cases thus termed represent more than one disease 

Htpo 

prothrombisemia Induced in Suckling Rats by Feeding Their Mothers Hydroxycoumarin 
A CETYLS ALi cYLi c AciD ]obn B Vtcld Am J Phjsiol 14} L38 1945 

' *ftcr hjdrox}coumarin was disco\crcd as the causative agent of hemorrhagic sweet clover 
hi ohsmed h\ Field, 0 \crraan, and Baumann that pregnant and lactating rats tolerate 

cc^ of the anticoagulant than normal females and in an extension of this study it was noted that 

nuous feedings of the anticoagulant to female rats with suckling pups caused hemorrhages to appear 
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in the ) oung The authors demonstrated that the drug fed lacratmg rats ptoduted a hrpoprothrotiV 
mta w the sucklings and the suckling pups arc subject to hemorrhages It 15 not knoum uhttht th. h 
passes directly through the milk or uhether a metabolite from it is the cause of the hrpopiothi ' 
binemia and hemorrhage in the j oung Vitamin K afforded a greater protective action in the pp thi , 
the mother but it cannot jet be stated whether the protectne action is due to the transmission thin th 
themammarj gland of the intact vitamin K or an actne metabolite Hj-poprothrorabinemia tin ilw h 
induced in suckling rats by givmg large quantities of acctjlsahcjhc acid to the moth-rs Dnr, 1 ' 
Porter in the Brmsh Medical Journal Maj 17, iqqq, reported on the fasorable clinical rtsulnofff 
treatment of puerperal thrombosis with dicoumarol 
It would appear that removing the suckling from the mother or administering \ itamin k ptophsliin 
ally to the baby would be advisable 


Studies on the Hhmorrhaoic Sweet Clover Disease /aiw B FitlJ Earl G Lame, LttBori Sfni nl 

Karl B Link. J Biol Chem rptf 715, 1544 

The authors conducted experiments to show that the methy Ixanthmcs (caffeine theobtomme inJ 
thcoph) lime) induced in the dog rat, and rabbit a state of hypcrprothrombincraia as reflected hr shm 
cned plasma prothrombin times and indicate that, as a result of the induced hs pcrprothtombincmii iV 
hj poprothrombincmic action of the anticoagulant dicoumarol is lessened 

The hypcrprothrombinemic effect was not exhibited by other putmes, psrimidmcs, and related tun- 
pounds The acnon from a single dose of mcthylxanthinc peristed 4 to 5 days m the dog Through i 
peated small doses, the action was maintained for periods up to 30 day s When the meth) lianihincs "cr 
given either w ich or ^4 hours after the anticoagulant they not only reduced the mtcnsiiy of the hj-pepn- 
thrombinemic response but also shortened its duration Smglc doses of the methy Ixanthines proitti » 
standardized dog against repeated doses of dicoumarol for periods up to 14 weeks Conunued inynnon 
of caffeine and theobromine prolonged the sunival time of rats fed the anticoagulant duly The aaihmi 
suggest that the merhylxanthines provide a functional stimulation of hepatic tissue which account! fot 
the hyperprothrombineraia in normal animals and for the protective action against the aniicoagalint 
They caution that their prolonged use in cardiacs might augment the tendency for thtnrobus fottnatiM 
which IS a frequent complication 


The Effect of Peniullin on Heparin Tolerance L E Hints and D L kisslir J A M A iif 741 


‘945 


The authors present x eases of proved bacterial endocarditis which showred early improvciMi 0 
mg penicillin therapy hue fatal termination from hemorrhage One patient a 37 year old cm c^> 
treated with penicillin only , with a total of 700,000 units and died with extensive cerebral bemon P 
The other a xx year old white pregnant female, received 54 grams of sulfamerazme and ‘ ^ 

delivered a v table 7 months baby At this time, a course of i aoo coo units of peniciilm an i i ^ 
heparin was given The patient died i month later Autopsy revealed widespread intrapcritooea^^^ 
enteric and pleural hemorrhages This prompted the authors to mvestigate the effect 0 pnuo 
heparm tolerance Studies of prothrombin times, platelet counts and hepann tolerance 
on to eases before, during and after penicillin treatment Two patients showed a ^ 

coagulation time occurring after admistration of 10 mgm of hepannwith axtoy 0 i 
normal levels, in 5 eases mild increases of i to a minutes were noted, and m 3 cases no 
No changes m the other determinations (platelets, prothrombin time, R B C , g 
tendency to this change in the tolerance is important in the treatment of bacteria jjjpjna 

cillin IS used with adjuvant heparin therapy, and the authors suggest that it is a visa 
tolerance tests as a precautionary measure when both drugs ate used at the same time 


Penictllin Effects on Blood Coaoulations L MoIJovskj, W B Hassilktck , C Catmo, 

Science lOi 38 1945 routes >od 11s cS'«‘ 

Twenty normal subjects were admmistercd pentciUm by ora! and mtramuscu at ^ pyucilli 
blood coagulauon was studied After hav mg first established base lines add'"' 

level, clotting bleeding, and prothrombin times were made at 15 and 30 minute m 
stration of the drug The patients were found to show a marked fall m the c otong 



ABSTRACTS 


365 


m inverse ratio to the penicillin concentration, and it persisted at a depressed le\el even after penicillin 
had complctcl) disappeared from the blood, in some cases for as long as i hour Bleeding times also fell, 
but the effects sserc not marked and vsere transient Prothrombin times did not show a unidirectional 
change A stnking alteration in the blood as the penicillin let els rose w as the production of a nonrctract 
lie clot 

The authors maintain that penicillin is conducive to thrombus formation and suggest msestigatisc 
studies to test the value of the drug as a coagulant in hemorrhagic disorders This paper contradicts the 
results obtained in the previous paper abstracted here, and further mvestigation is indicated to establish 
the effect of penicillin on coagulation 

Studies in Blood Coagulation (in Vitro) F H L Tajlcr, C S Davidson, H S Ta^non AI A Adams 
A H MacDonald andG R Altnor J Clin Investigation!^ 698-704,1945 

The authors have prepared two protein fractions from cell and calcium free human plasma both of 
which have a definite effect in lowering the coagulation time of hemophilic blood One of these protein 
fractions requires the presence of both calcium ion and prothrombin to exhibit its activitv while the 
other acts as a true thrombin since it can covert fibrinogen to fibrin in the absence of calcium and pro- 
thrombin Fibrinogen is the plasma protein coagulating on the addition of thrombin onl) Prothrombin 
was detected bj a modification of Quick s method using o i cc of the plasma fractions rather than of 
whole plasma Several fractions of plasma containing varying amounts of albumin alpha beta, and 
gammaglobulin and fibrinogen were tested for antihemophilic activ it) The greatest activ it) occurred 
with that fraction called Fraction I b) the authors — which contained the largest amount of fibrinogen 
(61 per cent) and which also appears to contain the antihemophilic fraction These investigators hope to 
subfractionate a highl) potent injectable material from Fraction I for use in the treatment of hemophilia 

The Gjaoulation Detect in Hemophilia The Effect in Hemophilia of the Parenteral Administration of 
a Fraction of the Plasma Globulin Rich m Fibrinogen and Anti hemophilic activ it) Gcor^o Minot, 
C S Davidson,] H Lewis, H J Ta^non F H L Tajlor } Clin Investigation 24 704-08,1945 
Some preliminar) observ ations on the in v ivo effect of the administration of Fraction I of plasma to 
hemophiliacs arc presented This fraction contams 60-70 per cent fibrinogen together with smaller 
amounts of the other globulms The intravenous or intramuscular administration of doses vat) mg from 
11 5 to more than 115 mg of Fracuon I of pooled human plasma reduced the coagulation time 
of hemophilic blood toward or to normal values in 15 of 16 cases in which it was cmplo)cd 
Fibtinogcn is not the active antihemophilic principle in this fracDon The dosage for therapeutic use has 
not )ct been established It was found that 100 to 600 mg of the globulin have an effect equal to that 
obtained by 80 cc of fresh plasma or 100 cc of fresh whole blood The only untoward reaction observed 
was a slight sclerosis of the injected vein in one case and this was thought to be probably due to the high 
concentrauon of the injected material There was no change in prothrombin times Injccuons of this 
active globulm fraction had no influence on the cffccuveness of subsequent mjections of the material 
The work of these investigators suggests that soon a substance may be available whereby hemophiliacs 
nia) be mainuincd in a relatively normal state by the injection of mamtenance doses of the effective 
plasma protein 




FURTHER OBSERVATIONS ON THE EFFECT OF BENZENE ON A STRAIN 
OF MYELOID CHLOROLEUKEMIA IN MICE AND ON CHANGES 
PRODUCED IN THE LEUKEMIC CELLS BY THE CHEMICAL* 


Bj C M Flory, M D , Ph D , I D Steinhardt, M D , and J Furth, M D 

N umerous attempts to control mammalian leukemias have, in general, 
been unsuccessful ’ ^ Previous studies- on the chemotherapy of transmitted 
mouse leukemias showed that benzene markedly retarded the development of the 
myeloid chloroleukemia 1394 when administered soon after the introduction of 
the leukemic cells, and that it prolonged the lives of animals to some extent 
when the treatment was begun after the disease was far advanced In the present 
paper the effect of prolonged trearment with benzene on mice with this chloro- 
leukemia is described, and evidence is presented that administration of this chemi- 
cal in large amounts causes the destruction of many of the leukemic cells and 
results in a diminution in the size of spleens infiltrated with this leukemia, and 
of subcutaneous tumors composed of the leukemic cells 
The usefulness of transmitted mouse leukemia in the study of this disease has 
been discussed previously * ^ Leukemia in mice is similar, in almost every respect, 
to the disease in man Lymphoid, myeloid, and monocytic leukemias have been 
observed in both speaes, and the histologic appearances of the leukemic cells and 
of the organs infiltrated by these cells are similar Leukemia in mice is generally 
considered to be a neoplastic disease In certain inbred strains of mice the incidence 
of spontaneous leukemia exceeds 70 per cent In such a strain of mice the disease 
can readily be passed from animal to ammal by the subcutaneous implantation or 
intravenous injection of leukemic cells, and will kill almost 100 per cent of the 
ammals It is possible to inject fifty or a hundred mice with a single strain of 
leukemic cells, and then study the effects of one or several therapeutic agents on 
the transmitted disease in some of these ammals, keeping others as controls 


MATERIALS AND METHODS 


The mice used were either of the inbred Ak Stock or its first generation hybrids 
All mice used in the first five experiments were of sirmlar weight, and from 7 to 
8 weeks of age The mice used in experiment 6 were about 15 weeks of age 
The strain of transmissible myeloid chloroleukemia (1394) and the preparauon 
of the suspensions of leukemic cells used for intravenous injection have been previ- 
ously described - The cells were injected into the tail veins of the mice After all 
of the mice selected for a given experiment had been injected they were divided 
into comparable groups 
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BENZENE AND MYELOID CHLOROLEDKEMIA 


The subcutaneous tumors were produced b> implanting a small fragment c' 
leukemic spleen or lymph node, previously nnsed in Tj-rodc s solution, into th 
subcutaneous ussues of the mice A tumor formed at the site of the implant after 
about one week and grew steadily The tumor ussue was then used for the n*it 
transfer At first the mice died with generalized leukemia while the nimorv,is 
small, but after several transfers the tumors grew to z or more cm in diam ter 
before the ammals succumbed to generalized leukemia Although the length of 
life of animals bearing subcutaneous tumors was longer and the period of suoiTal 
of the tumor-bearing ammals more variable than that of mice m which the l:u 
kemic cells were introduced intravenously, the cstabhshment of subcutan*0Ji 
tumors enabled direct observation on the cfiect of benzene on mice bearing thes. 
tumors 

The benzene was alwa)^ given orally in cottonseed oil, the total volume of 
each feeding being cc Feedings were given with a curved blunt needle * Unless 
otherwise stated, treatment was begun 14 hours after the introduction of th 
leukemic cells 

The weights of the ammals were recorded twice weckl) In experiments i to 
5 no instances of weight loss were observed, in experiment 6 the treated animals 
lost weight, as will be discussed subsequently 

All mice were autopsied, and whenever the diagnosis was in doubt sections 
were studied microscopicaUy 

White blood cell counts and differential white blood cell counts were perfonneJ 
on some ammals with this chloroleukemia Leukemic cells were found rcgularh 
in the arculaung blood when the disease was far advanced, though onlj m small 
numbers 


EXPERIMENTAL 

Five milligrams of benzene given orally six times weekly m cottonseed oil arc 
tolerated for many months b) mice weighing over zo Gm Ten or 15 mg are tone 
after a week or two - 

A Effect of -prolonged administration of benzene on the myeloid chloroleukemia till 

In experiment 1 (table i) 5 mg of benzene were given six times weekU 
167 days to almost one year All of the untreated mice died of chloroleu 
average duration of life after the injccuon of the leukemic cells being 5 a 
One of the mice treated with benzene died of leukemia on the 170th da) , t a 

five were kiUed on the 36 znd daj Three of these mice had not been given 

for the last 195 days of the experiment Microscopic examination 0 t e^^ 
spleen, lymph nodes, and bone marrow of four of these mice fail 
dence of leukemia One mouse had an early lymphoid leukemia w i 
abl)' spontaneous, or which ma) have been induced b) the benzene j5 

In expenment z (table 1) the mice xvere given benzene in the same 
in experiment i The treated mice lived over three umes as ong as t e 
mice, though all eventuall) died of chloroleukemia In the same exper 
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mcnt by underfeeding* prolonged the average survival time b> over one-third, 
and x-ray by over three-fourths 

In expenment 3 (table i) the benzene-treated mice were killed after the> had 
survived over three times as long as the untreated animals At autopsy, one treated 


Table i — Efftct cf Prolonged Treatment tettb Benzene^ on the Mjeloid Ciloroleuhmia ijg^ 


Exp 

DO 

Treatment 

No of 
mice 
injected 

Mice djxng of letikcmia 

Mice kiUedi 

No 

Survxval in da>*3* 

No 

+ 

■ 

[ No of 
<la>s> 


A%eraEe 

I 

None (controls) 


6 

31-7Z 

58 

0 

5 

36'- 


Benzene, 3 mg 6 times weekly 


I 

170 

170 





Radiophosphorus‘ 

5 

5 

5^88 

68 




X 

None (controls) 

6 

6 

'■3-3'- 

'■7 





Benzene, 5 mg 6 ames weekly 

6 

6 

j 76-118 

94 





Underfeeding 

« 1 

6 

34-44 

39 





X ray‘ zyo r on ind, gth, zyth, ygth. 

5 

5 

34-73 

5' 





and 30th days 






i 



Other chemicals' 

11 

XX 

I 9 - 3 L 

'■7 




3 

None (controls) 



33-44 

36 


1 



Benzene, 3 mg 6 times weekly 


B 



I 

5 

IXX 


Other chemicals* 



34-5'- 

4'- 




4 

None (controls) 

6 

6 

3 '•-77 

45^ 





Benzene, 3 mg 6 times weekly 









for Lo times 

5 

4 

60—81 

67 

0 

I 

xoo 


for 40 nmes 

4 

I 

109 

109 

0 

3 

xoo 


for 60 times 

4 

3 

94-IXO 

107 

0 

I 

xoo 


connnuous unal death 

5 

4 

63-139 

103 

0 

I 

xoo 


'The benzene was gi\en orally in cottonseed oil beginning the day after the injection of the 
leukemic cells and ending vnth the death of the ammal in all expenments except no 44 (see text) 
'The S)mbol indicates that the animals had leukemia when killed, — indicates that they 
appatentl) were free from the disease 

'The number of days refers to the days after the injecnon of the leukemic cells 

* The method of admimstrauon of radiophosphorus and its effects ate described elsewhere ' 
‘The mice to be irradiated were placed in a meshed wire cage and exposed to 140 kv , 5 ma 

I ray at 30 cm target skin distance with no filter at a rate of 6o r per minute 

* The negative results wuth these chemicals will be reported in a hst of compounds which have 
been tested for chemotherapeutic action on cancer which is being compiled by Dr Dyer ' 

'One animal sumved the rest of the group by 36 days dying on the 77th day from chloro- 
leukemia Without it the average survival ame would be shorter 


mouse had modcratcl) advanced chlorolcukcmia, the other 5 appeared normal on 
macroscopic examination, and the organs of 2. of these were examined histologically 
and no leukemia was found 

The method of underfeeding has been previously described ' 
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BENZENE AND MTELOID CHLOROLEErKE.nA 


Ej-pcnment 4 (tabic i) shows the effect of vat) jng the length of treatment with 
benzene In the group of mice which received ^o doses of benzene the aicrii;- 
survival nmc was prolonged by about one-half, while in the mice which rcieivcJ 
40 or more treatments the durauon of life was more than doubled One or mo c 
mice of each group of the benzene-treated animals, a total of 6 mice, suniv^l 
until the zooth day, when they were hilled, and microscopic examination of th 
livers, spleens, and bone marrow of these animals failed to reveal c\ idcncc of 
leukemia 

B Effect of treatment with benzene on the sizes of the spleens of mice with tht tnt'i J 

cbloroleuhemia i}g4 

In an expenment previously reported,- treatment w ith benzene prolonged th- 
lives of mice with the chJoroleukcmia even when treatment was begun after the 
disease was far advanced 

Mice dying of this strain of leukemia had massive infiltrations of the spleen 
by leukemic cells, and after death from this disease the size of the organ ctcceJeJ 
19x6x4 mm The liver, bone marrow, and to a lesser extent the 1 ) raph noJes 
were similarly infiltrated Since in the mouse even a shght enlargement of the 
spleen IS palpable through the abdominal wall, changes in the size of the spleen 
can be closely followed 

The effect of benzene on the size of the spleen and on the survnal of mice with 
advanced chlorolcukcmia was studied in experiment 5, and the results arc shown 
in figure 1 Additional mice, killed for microscopic examination, are not included 
in the figure 

The sizes of the spleens of the 10 untreated mice, shown m figure i, increased 
rapidl) after the xoth daj The first mouse died on the zyth da) and the last on 
the 33rd da) , while the average survival time was about 30 da)'S At auiops) all 
mice show'ed advanced chloroleukemia, and the spleens were all grcatl) enlarged 
and vaned from ig to 16 mm in length and 6 to 9 mm in width, the thickness 
of most spleens was about 4 mm . 

When 5 mg of benzene w-as given six. times weekly orall) m cottonse 01 , 
bcginmng the day after the inoculauon of the leukemic cells, the spleens inaeas^ 
in size at a much slower rate The first mouse died on the 58th da) , and the treat 
mcnc was stopped on the S4th da) The last mouse died on the loznd da) , an^ t^^ 
average survival time was about 80 da)'S, or over twice as long as that 0 t 
untreated ammals At autops) the spleens of the treated mice were great \ en a^g ^ 

and of about the same size as those of the untreated animals The lisers an ) F 

nodes of all mice show'cd advanced chloroleukemia 

A third group of animals was not treated until late in the disease woo ^ 
mice died of advanced leukemia on the Z4th da) and another on the 151 ) 

the 15 eh da) the spleens of all mice were moderatcl) or ' nd'^was' 

treatment was begun with 5 mg of benzene given 6 times wee ) an ' 
tinned until the last mouse died After treatment w-as instituted t e jj j 

of the size of the spleens of most animals w'as reduced In 6 mice t e p 
not increase further in size until after the 31st da) , while the sp eens 
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larger and i smaller One mouse died of advanced leukemia 3 hours after the first 
feeding of benzene, the next on the 3ind day, and the last on the 65th day If 
the mouse which died 3 hours after treatment is included, the average survival 
time IS about 44 days, otherwise, as listed in figure i, about 46 days At the time 
of death all mice had advanced chloroleukemia 


UNTREATED 


SIZE OF 
SPLEEN 
+++ 



AVE 29 7 
DAYS 


CONTINUOUS 

administration 

(5 MGM, 6 X 
WEEKLY) 


DELAYED 
CONTINUOUS 
ADMINISTRATION 
<5 MGM, 6 X 
WEEKLY) 


+++ 



AVE 79 8 
DAYS 


Duration of freolmenl 


-K-V 


M • t 



AVE 46 2 
DAYS 


T~— T— r*~i 

Durollon of trtotment 


DELAYED 
INTERRUPTED 
ADMINISTRATION 
(1= 25 MGMJ 


+ + + 


* 


««« m 0 m00 


++ 

+ 

0 



.IJ l Dll, n ii-^ . 

10 20 30 40 50 60 TO 80 90 100 
DAYS 


AVE 62 3 
DAYS 


• <i Death of o moine 


X The Errecr of the Administra-hon of Benzene on the Average Size of the Spleenh of Mice 
WITH THE MrEtoiD Cheoroleckejiia 1394 

o>' The ol the spleen was determined b> palpation 
mM 2 determined by palpation. ++ indicates 

’ ' great enlargement of the spleen the organ measuring at least 18 x 7 x 4 mm 


^ In the fourth group one mouse died of leukemia on the 2.5th day On the same 
a> one of the remaining mice that was given 50 mg of benzene died 90 minutes 
c treatment, because of this the remaining ii animals were given only 
SDlecn ° ^I^h, z6th, lyth, z8th, and 30th days This caused the 

of on “'^'Tcasc in size Before the administration of the chemical, the spleen 
one shTr' 'T enlarged, those of 10 were moderately enlarged, that of 

da\ on^ ^ ^ enlarged, while one had no enlargement of the organ On the 34th 
and tb! ^ moderately enlarged spleen, 4 had slightly enlarged spleens, 

remaining 6 had no palpable enlargement After the spleens had again 
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increased in size, a second course of treatment was instituted, but this had little 
effect on the size of the spleens The first of the ii mice died on the 47th daj, the 
last on the 75th day, the average survival period for ii mice was about 61 dais 
which was more than twice as long as the average survival period in the untreated 
animals At death the spleens were greatly enlarged and similar to those of the 
untreated ammals, on miaoscopic examination the spleens and livers, and the 
lymph nodes as well, showed advanced chloroleukemia 


Table x (Experiment 6)- — Effects cf Treatment with Benxent on the Sixes ej SohcMtanttn 
Tumors Composed of Cells of the Myelosd CbloroUtikemta 


No of 
mice 

QQtmited 

Days* after implantation of tumor 

Di> of 
recur 
rence of 
tumor 

death 

Aotopjj 

9 

15 

16 

20 

25 

29 

36 

44 

50 

Sue ol 
tumor 

GeumHitd 

leuieou 













nn 


1 

2x2 

3x5 

5x5 

5x8 

8 X 10 

9x 13 

11 X 21 




39 

11x20 

pr««t 

2 

1x4 

3x5 

4x6 

5 r 7 

5 r 12 

8x19 

11 r21 




36 

11x21 

pr««t 

3 

3x3 

5 I 7 

6x8 

7 I 10 

7 I 12 

9i 15 

10 X 16 




35 

lOx 16 

pmeal 

4 

2x3 

6x7 

8x8 

7 X 11 

9 I 13 

lOx 16 

11 X 16 




36 

11x16 

prtt«l 

5 

3x3 

3x5 

4x5 

4x6 

3x6 

5x6 

6x7 

8x9 

8 X 10 


109 

14x19 

pmeot 

6 

2x2 

4x6 

4x6 

5x8 

7 I 10 

7 X 11 

9 I 11 

13 I 16 



46 

15x17 

pTttni 

7 

4x4 

4x5 

4x4 

4x5 

5x5 

5x7 

7 X 10 

12 I 14 



6S 

22x29 


8 

2x3 

5x6 

6x7 

8 X 10 

13 I 16 

13x16 

I4x 16 




37 

13x20 

pfTKBt 
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3x4 
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50 

78 
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Start of treatment 













I In this table the length and the width of the tumors •re expressed in nun The tumors were rntasur 

than IS indicated by the table and the record from 50 da>3 on is expressed Dnl> by noting the yo tt 
tumor Once the tumors recurred thej grew steadil> 

* T)a> s refers to the daj s after the implantation of the tumor particles 


Gross and microscopic examinations of unsclcctcd mice of the first 
were made at intervals The mice killed for this purpose are not in u c 

In the untreated group one mouse was killed on the 6th and others on the 
the xoth, and the zyth days In the mouse killed on the 6th day no cu c 
were seen in sections of liver and spleen, but in the mouse killc on t 
many small scattered foa of leukemic cells were present in seaions o ot 
In the animal killed on the zoth day (figure z) the leukemic a s j 

dant in these organs In the mouse killed on the zyth da> about one 
liver and spleen was composed of leukemic ccUs, and this was true a 
mal that died on the 3znd day (figure 3) 
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Fio 1 Earl) leukemic infiltrauon in the Iirer of a mouse injected intras-cnousl) with the cells of 
the m)cIoid chloroleukemia 1354 and killed 10 days later No treatment was gi\-cn The scattered foci 
of hyperchromatic leukemic cells constitute but little of the bulk of the liter (180X) 

Fio 3 Massive leukemic infiltration of the liver of an untreated mouse which died on the 3md day 
after the intravenous injection of the leukemic cells About half of the liver is composed of these cells 
C180X) 

Flo 4 Earl) leukemic infiltraaon in the liver of a mou«c injected mtravenousl) with the cells of 
the m)eloid chloroleukemia 1354 and killed 34 days later This animal was treated with 5 mg of benzene 
6 times Meekly The arrow points to a focus of small leukemic cells At this time all untreated mice 
had died of leukemia (iSoX) 

Fio 5 Early leukemic mfiltration in the liver of a mouse mjected intravenously with the cells of 
the chloroleukemia and killed 48 days later This animal m^ also treated with 5 mg of benzene 6 times 
"^kl) The degree of leukemic infiltration is similar to that seen in untreated mice xo da)s after the 
injection of the leukemic cells Cfig 1) C180X) 

In the group of mice treated with 5 mg of benYene beginning on the and day, 
one mouse was killed on the 6th day and one each on the ioth, the 34th, and on 
the ^8th days No leukemic cells could be seen in the sections of the livers or 
spleens of the animals killed before the 34th day The liver of the animal killed 
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on the 34th day contained small foci of leukemic cells (figure 4), and that of the 
mouse killed on the 48th day had a few scattered larger foci of Icukcmic cells 
(figure 5) Treatment with benzene apparently retarded the leukemic infiltration 
of the livers and spleens 

C The effect of the admimstration of benzene on the sizes of subcutaneous Itukimtc turr^rs 
composed of the cells of the myeloid chloroleiiktmia 1)^4 

In table z (experiment 6) is shown the effect of the administration of benzene 
on subcutaneous tumors composed of the cells of the chloroleukemia 
Sixteen mice carrying small subcutaneous tumors as the result of the implanti 
tion of small particles of tumor 9 days before were divided into two equal groups 
On the 15th day after the implantation, one group was treated with benzene, the 
other serving as controls The Created mice were given 15 mg of benzene orall) 
in cottonseed oil on the 15th, i6th, 18th, 19th, and 10th days after the implanta 
tion of the tumor particles, then 5 mg six times weekly until the izfith da) of 
the experiment, when treatment was stopped After the 3rd treatment with ben 
Zene, the tumors of treated mice became smaller The first tumor disappeared on 
the 8th day of benzene therapy, and by the 13rd day of treatment all of the tumors 
of the treated mice had disappeared Since then the tumors in 5 animals hast 
recurred at the sites of the inoculation, and these animals have died of generalized 
chloroleukemia, as has also a 6th mouse which had no local recurrence of the 
tumor Two mice were killed on the z4oth day after the implantation of the tumor 
No tumor was visible at the site of the original rumor mass, and miaoscopic 
examination of the liver, spleen, and lymph nodes failed to reveal evidence of 
leukemia 

The treated mice lost some weight, and on the zzjid day their average weight 
was only zo i Gm (range 14 to z8 Gm ) as compared with an average ivcighr of 
the untreated mice of z6 i Gm (range of Z3 to 30 Gm ), but subsequent!), "hilc 
on the smaller dose of benzene, the treated mice gradually gamed weight The 
tumors of 4 underfed mice that were not given benzene did not decrease in siz^ 
although the weights of z of these mice dropped to 14 and 16 Gm , as compar 
with 19 to Z5 Gm for those fed a normal diet 

Microscopic examinations were made of subcutaneous tumors under i cm in 
diameter in 7 untreated mice and in a similar number of animals treatc vit 
benzene The tumors of the untreated mice were of the same size as those 0 t 
treated animals, and their hosts were killed at the same time 

In all tumors of the untreated mice there were small or large centra 
necrosis, but in the remainder of the tumor the structure of the cells was \ 
preserved and only a few cells had pyknotic or fragmented nuclei (figure ^ 

In the tumor of a mouse which had been given 100 mg of benzene m i 
doses over a period of z hours and was killed z hours after the last ose, a 
one-tenth of the nuclei of the tumor cells were deeply pyknotic (figure 7J n 
mals, killed Z4 hours after a single oral dose of z) mg of benzene in 
the nuclei of many tumor cells were pyknotic or fragmented 1“ ^ neCTOiic 

one-fifth, and in the other about one-half of the cells (figure J were 
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FlO 6 SUBCUTANEOUI TuMOR COMPOSED OF THE CelLS OF THE ChLOROLEUKEMIA 


The moose beanng this tumor svas not treated (480X) 

Fio 7 Early degenerative changes in a subcutaneous tumor composed of the cells of the chloro- 
leuLcfflia The mouse bearing this tumor was given 100 mg of benzene oralK in divided doses durmg 
a 1 hour period and was killed z hours after the last dose About one tenth of the tumor cell nuclei are 
deepl) p)laioac (480X) 

Fio 8 Moderate degenerative changes in a subcutaneous tumor composed of the cells of the chloro- 
Icnkemia The mouse bearing this tumor was given 15 mg of benzene orallj and killed after 14 hours 
About half of the tumor cells show extreme pyknosis or fragmentation of their nuclei (480X3 

Fio g Advanced degenerative changes in a subcutaneous tumor composed of the cells of the chloro- 
Icukemia The mouse bearing this tumor was given 15 mg of benzene on each of z dajs and then killed 
on the ytd da) About four fifths of all tumor cells were necrotic The black fragmented or clumped 
material is nuclear debris (480X) 


In the tumors of z animals that had been given 15 mg of benzene on each of z days, 
and then killed on the 3rd day, about four-fifths of all tumor cells were necrotic 
(figure 9) There were no changes in the blood vessels and in nonleukemic cells 
in and about the tumor There was, however, some atrophy of the bone marrow 
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In i animals killed after 3 days of treatment with a total of 75 mg of benzene and 
in one ammal killed after 4 days of treatment with a total of icx> mg of benzen* 
degeneraave changes in the tumor cells were marked and the bone marrow shm\ci 
advanced atrophy of all blood-forming elements 


DISCUSSION 


In the experiments previously reported^ treatment with benzene prolonged the 
survival time of mice with early and advanced chlorolcukemia In the present 
expenments this prolonganon of the survival nmc b} treatment with benzene 
was observed constantly In an effort to learn more of the details of this phenome 
non the effects of this treatment on the sizes of the spleens of leukemic mice were 
studied Benzene in large doses (15 mg daily) given to leukemic mice with cn 
larged spleens caused a decrease in the size of the spleens Subsequent!) the spleens 
became large again and failed to respond to addmonal treatment with the chcmi 
cal Treatment with smaller doses C5 mg daily) only seemed to slow the grow th 
of the leukemic spleens With connnuous admimscration of this dose of benzene 
beginning the day after the inoculation of the cells the spleens increased in size 
very slowly as compared with those of the untreated mice Microscopic stud) of 
the organs of the untreated mice and those treated early in the disease with 5 mg 
of benzene showed that the malignant cells appeared in the organs of the treated 
ammals at a much later umc than m those of the untreated mice, and that at 
corresponding periods of time the leukemic infiltrations of the livers and spleens 
of the untreated leukemic mice were much greater than those of the mice treated 
with benzene 

In experiment 6 (table x) it was found that treatment of mice with large doses 
(x5 mg ) of benzene caused subcutaneous tumors composed of the cells of the 
chloroleukemia to disappear to palpauon, though later the) recurred in most 
instances and killed the animals Microscopic examination of tumors from mice 
treated with this chemical showed massive destruction of the leukemic cells 


The evidence presented indicates that the cells of this chlorolcukemia arc scnsi 
tive to the treatment of their hosts with benzene, as indicated b) prolongation of 
life of treated animals, whether in the early or late stage of the disease, b) the 
diminution in the size of leukemic spleens, b) the temporat) disappearance 0 
subcutaneous tumors composed of these cells, and by the miaoscopic e\ idence 0 
damage to the leukemic cells by such treatment Administration of small doses 0 
benzene (5 mg daily) either retards the growth of leukemic cells, or spec s up 
the rate of their destruction, or docs both Larger doses seem to cause acnia 


destruction of some of the leukemic cells . 

In our previous experiments* all mice injected with the cells of the c oro 
kcmia and treated with benzene eventually died of the disease ' In the 
experiments certain treated animals failed to manifest the disease In cv^ime 
I, X, 3, and 4 (table i) and expenment 5 (figure i) all of the untreate 
total of 34, died of the chlorolcukemia, and the entire group of 7^ 


* At the time of the publication of the prctions report' z mice in expenment u and 5 
ment Z) (table 5) were alive All of these animals subseqncnrb died vnth mveloi c oro 
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With agents other than benzene also died of the disease Sixteen of the 46 mice 
treated with 5 mg of benzene beginmng the day after the in)ection of the leukemic 
cells failed to mamfest the disease 

Several explanations may be given for this failure of certain of the benzene- 
treated mice to die of the chloroleukemia One possibility is that the treatment 
with benzene was begun so soon after the injection of the leukemic cells that the 
malignant cells did not have an opportunity to multipl) and become adapted to 
their new hosts before their exposure to the chemical It is also possible that the 
disease was still latent in some of these animals, although microscopic examination 
of the liver and spleens of 13 out of 16 mice failed to reveal evidence of chloro- 
leukemia In all experiments in which the treatment with benzene was begun 
after the generalized chloroleukemia was firml) established, as in experiments 5 
and 6 of this paper and experiment 13,- no mice failed to die of the leukemia al- 
though the treatment was often of long duration In such experiments, the cells 
probably were multiplying actively when treatment was begun 
The above theories do not, however, explain the failure of x ammals, which 
previous to treatment were bearing subcutaneous leukemic tumors, to die of the 
disease In these animals the tumors were actively growing when the treatment 
with benzene was begun, and they disappeared under treatment Almost 7 months 
after the tumors were last observed the animals were killed and no evidence of 
local tumor or generalized leukemia found Since no benzene was given during 
the last 114 days of the lives of these animals, it is possible that if latent leukemic 
cells existed, they would have grown by the time the animals were killed 
The mode of action of benzene on normal and leukemic cells is poorly under- 
stood The problem has been discussed previously ’ - Evidence is presented in this 
paper, however, that the chermcal can destroy the cells of this chloroleukeima in 
the body, as evidenced by its effect in reducing the sizes of subcutaneous tumors 
composed of the cells of the chloroleukemia and of spleens infiltrated with the 
cells, and by degenerative changes seen in the chloroleukemic tumors after its 
administration 

The recurrence of most of the subcutaneous tumors composed of the cells of the 
chloroleukemia, the eventual increase in size of the leukemic spleens, and the 
ultimate deaths of most of these animals from generalized chloroleukemia indicate 
that the effect of benzene in most animals is only temporary Recent work by 
Schwartz and Robbins® suggests that the cells may acquire actual resistance to 
benzene 


The problem of the specificity of the action of benzene on this chloroleukemia 
requires clarification It would be of interest to know if the cells of this chloro- 
Icukemia are more sensitive to benzene than the cells of the bone marrow and 
other organs Since a dose of 5 mg of benzene may be given to a mouse six times 
''eekl) for almost a year without serious ill effect, yet will greatly prolong the 
■'cs of mice with chloroleukemia, it is probable that these leukemic cells arc 
s ightlj more sensitive to the action of benzene than the bulk of the cells of the 
one marrow and other vital organs When larger doses of benzene are given 
atroph) of the bone marrow is produced, and although leukemic tissue actually 
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IS destroyed by such doses, this amount of ben 2 enc will kill the animal ifgncn 
for long periods of time 

It IS important to emphasize that m our experience most other mouse leukemias 
are not as sensitive to benzene as is the myeloid chloroleukemia 1354 This chloro 
leukemia is, out of a total of 3 myeloid and 4 lymphoid leukemias so far tested,' ' 
by far the most sensitive to benzene Certain transmitted mouse leukemias seem 
to be entirely refractory to the chemical What the basis is of this exceptional 
susceptibility of these chloroleukemic cells to benzene remains to be determined 

SUMMARY 

Oral administration of 5 mg of benzene six times week!) to 46 mice that had 
been injected 14 hours before with the cells of the myeloid chloroleukemia 1354, 
considerably prolonged the survival of the animals, and in 16 of these mice it 
seemed to prevent the development of the disease The spleens of the animals so 
treated increased in size at a much slower rate than those of the untreated animals, 
and the leukemic infiltrauon of the organs was delayed 

Five mg of benzene given in a similar manner to mice with advanced chloro- 
leukemia likewise prolonged the survival time of the mice and also slowed the 
rate of increase of the size of the spleens, X5 mg given five times in a 6 day period 
to mice with this leukemia brought about a marked reduction in the size of the 
spleens Further treatments slowed the rate of enlargement of the spleens and 
survival was prolonged 

In 8 mice bearing subcutaneous tumors composed of the cells of the chloro- 
leukemia the oral admimstration of X5 mg of benzene five times in a 6 da) period 
followed by 5 mg given six times weekly brought about the disappearance of the 
local tumors as determined by palpation, but in 6 mice the tumors recurred and 
killed the animals Microscopic examination of tumors of mice treated svith ben 
zene showed advanced degenerative changes in leukemic cells 

The authors with to thank Miss Pauhne Pope, Miss Marj Boon, and Miss LuciIIc B oU lor that 
technical assistance 
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CELLULAR CHANGES PRODUCED BY EXTRACTS OF HUMAN ORGANS 
L A Ebj, M D , D L Turner, Ph D , and F R Miller, M D 


T his paper describes cellular infiltrations found in the organs of guinea-pigs 
that were injected subcutaneously with extracts made from organs obtained 
fi:om patients dead of leukemia, Hodgkin s disease, and other diseases 
The various organs were extracted bj methods based on those of Turner and 
Miller,' who have produced cellular changes in the organs of guinea-pigs by in- 
jecting extracts of the urine and feces of patients with leukemia The} have de- 
senbed three types of cellular reactions produced b} these extracts and designated 
these changes as myeloid, lymphoid, and Hodgkin s types - These changes are 
produced by a keto-acid and a hydroxy-acid present in the extracts, and by mixtures 
of these two substances, respectively 

l.tATERIAXS AND METHODS 

The patients had been dead from i to 19 hours, the cause of death was verified 
by clinical and laboratory data, and also by the findings at the necropsy The 
organs were ground with a meat chopper, the ground material was mixed with 
five times its weight of commercial methanol The mixture was aadificd to Congo 
paper by the addition of hydrochloric acid and allowed to stand for 3 days, it 
was then filtered The filtrate was partially concentrated ;;; vacuo, diluted with 
water, and extracted with petroleum ether (b p 30°-6o°) The petroleum ether 
was washed with water and then with xN sodium hydroxide solution The 
petroleum ether was then discarded, and the alkaline extracts were aadificd and 
extraaed with petroleum ether The ethereal solution containing acid and phenohe 
niatcnal was evaporated The residue was dissolved in four times its weight of 
acetone and cooled to — I5°C The aads that crystallized were filtered and dis- 
carded, the mother liquor was evaporated In most cases the product was used in 
this form, it was usually a brownish-yellow, oily substance 
In one case (Mont liver) the procedure was varied in the following manner 
The minced liver was boiled for 4 hours in a solution of 600 Gm sodium hydroxide 
'n 4 liters of methanol The solution was diluted with water, acidified to Congo 
paper, and extracted with petroleum ether The petroleum ether solution was 
Washed with water and evaporated The residue from the petroleum ether was 
Separated into lead soaps, soluble and insoluble in ether, following the well-known 
methods of the literature ’ * The free acids obtained from the decomposition of 
the lead soaps insoluble in ether were purified further by crystallization at — 15 ° C , 
•n acetone as described above 

The 18 guinea-pigs varied in weight from 350 to 450 grams They were all 
o tamed from the same source After death or after sacnfiang the animal — usually 

ch Chirlottc Drake Cardeza Fonndation, Jefferson Medical Oillege and Hospiul, Pluladcl- 
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I or 1 months after the initial injection — at least eight different organs tvere 
routinely sectioned and stained b} the usual hemato\) lin-eosin technic 

RESULTS AND DISCUSSION 

The experiments are summarized in tables i and z Table i indicates the t}pc 
and degree of cellular infiltrations obscr%ed in the tissues of the guinea-pigs that 



Fio I Mteloid Reactiov 

auon of liver of guinea pig with mjcloid cells following injccuon of lipoid extract of human 

myeloid leukemic nssues 

had received extracts of organs from patients who died of leukemia The m^elotd 
obtained from the tissues of x patients dead of mj eloid leukemia, 
c the l^mphotd reactions were obtained from 3 cases of lymphoid leukemia 
reactions were less extensive but similar to those found after injections of 
^^rge quantities of urine of patients with leukemia,- indicating that 
the extracts contained less of the kcto-acid and hydroxy-acid than most of 
^ urinary extracts * The myeloid reaction occurred in varying degrees in all of the 
^'pigs injected with extracts of myeloid leukemic tissues, and consisted of 
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I infiltration or proliicration of inuniturc red cells and m)-eIoid cells, c\-en occasional!) nui;i 
karyoctes, between the liver cords and in the pcnportal spaces of the liver (see fig r), 

X. similar extramednllary hematopoiesis in the cortex and medulla ol the adrenal, 

3 myeloid proliferation or infiltration in the spleen, hypoplasia of lymph follicles, 

4 occasional areas of myeloid proliferation 10 the kidney, between the tubules, 

5 and evidence of hyperplasia of all of the elements of the bone marrow 



Fio %. Lymphoid Reaction 

Infiltration of liver with lymphoid cells following injections 

The lymfbotd reaction occurred in varying degrees in all of the 10 guinea pigs 
jeered with extracts of lymphoid leukemic tissues and consisted of 

I hjpcrplasia of the lymph nodes and follicles of the spleen, ^ 

z diffuse infiltrations of 1) raphoid cells in the liver particular!) about the 
periportal spaces (fig z) 

3 scattered infiltrations throughout kidncjs but less in adrenals, 

4 and normal bone marrow findings ^ 

In table x arc listed the type and degree of ^ hMtt 

tracts of organs of i case of Hodgkin s disease had been injc 
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disease, etc These Hodgkin s reactions were 'fcry much less definite than those ob- 
tained when extracts of urine of patients with Hodgkin s disease were injected, 
and consisted of 

I small areas of monocjtcs, pol) morphonuclears, and l)mphocjtcs scattered throughont the liver 
and kidne) s. 



Fig 3 Hodgicin s Reaction 

Cellular changes occurring in lymph nodes following injections 

a some of the lymph nodes contained numerous eosinophiles and some hyperplasia of the reticulum 
cells Cfig j), 

3 no Sternberg Reed cells were found, 

4 and normal bone marrow findings 

There were no distincuve reactions in the organs of the guinea-pigs injected with 
extracts of the livers of j cases dead of heart disease and i of cerebral tumor — the 
control Cases There were occasional small focal areas of infiltration of lympho- 
9 ces or monocy tes in various organs, but not of the magnitude of the reactions 
described above 
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There were uncontrollable variauons in the interi al of ume benveen injcaion 
and death of the guinea-pigs and possibl) in the nature of the extracts because of 
vananons (autolysis, etc ) in the tissues extracted We also have assumed that 
none of the active material responsible for the biological effect vt'as lost in the 
purification We have found b) previous tedious experience that each guinea pig 
should have the extract of at least 7.^0 grams of organ and that each animal should 
be killed in less than 6 weeks after the imaal injection Stx guinea-pigs that re 
ceived extracts made firom less than 100 grams of organ fi-om patients with mjcloid 
leukemia did not exhibit the charactcnsac myeloid reacuon Also there were some 
ammals that died in less than i week after the imtial injecuon Perhaps there was 
insuffiaent time, in these cases, to permit cellular reactions to occur 

The fracaons of the extracts used were of similar chemical t)’pc to those of 
Turner and Mdler This suggests that the biological reacuons observed here are 
due to the same aads found b} Turner and Miller in unne and feces of patients 
with the various diseases of the leukemic group 

SOMMART 

By the injection of lipoid extracts of organs (hver, spleen, and Ijmph nodes) 
of 5 paaents with leukemia, i with Hodgkin s disease, and of 4 control cases 
(3 of heart disease and i of cerebral tumor) into zS guinea-pigs, it was obsened 
that 

a extracts from human myeloid leukemic organs produced m)cloid reactions 
or infiltrations in guinea-pigs, 

b extracts from Ijmphoid leukemic organs produced lymphoid reactions , 

c extracts from organs involved with Hodgkin s disease produced Hodgkin s 
reactions , and 

d extracts from normal organs produced slight lymphoid or monocjtoi 
infiltrations 
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MONCXYTIC LEUKEMIA AND TUBERCULOSIS 


B) Elwyn L Heller, M D , and Charles H Hiles, M.D 

S INCE the recognition of a monocytic type of leukemia following the report 
of Reschad and Schilling-Torgau’ in 1913, enough cases have been observed 
to warrant its acceptance as an entity distinct from the mjeloid and lymphatic 
vaneties 

The present case is of particular interest because it was assoaated with an active 
tuberculous infection, the possibilit} that the hematologic findings maj have 
represented a leukemoid reaction secondary to a widespread tuberculous infection 
became a major consideration 


REPORT OF A CASE 

H L , a 70 year old retired clergyman, r\as admitted to the Eye and Ear Hospital of Pittsburgh on 
September 18, 1945, complaining of severe sore throat, persistent nasal obstruction, frontal headaches, 
and a low grade fever of 10 days duration Sinus trouble had been present for several years Past 
history mcludcd an appendectomy and incision and drainage of a tuberculous abscess in the lumbar 
region m 1939, vvhich drained for many months thereafter A guinea pig inoculated with the evndatc 
developed generaliaed tuberculous infecuon 

Physical examination revealed no sinus tenderness a swollen, boggy , and crusted nasal mucous mem- 
hrane, acutely inflamed tonsils, and a granular injected pharynx Except for pallor and slight pyorrhea 
alveolans the gums appeared normal The blood pressure was 110/65 The physical findings were other- 
wise normal 

The unne was essentially normal The erythrocytes were 3,030,000 per cu mm , the hemoglobin 
Was 75 per cent, the white blood cell count was 11,930 per cn mm Abnormal cells were noted in the 

smear, which was subsequently examined and diagnosed as raonocy tic leukemia by Dr Mortimer 
Cohen * 

A dcnul consultant advised extraction of the teeth, hot the procedure was considered inadvisable 
cause of the paoent s weakened condition and the hematologic findmgs Therapy with pcniallm, 
gun on admission and continued for 9 days, was discontinued after a total dose of 1,040,000 units 
16 ^ transferred to the service of Dr R R Snowden at the Presbytenan Hospital on October 

^>^1945 Pfe complained chiefly of weakness, and his condition rapidly deteriorated Lethargy, pallor, 
■Mntal depression were extreme Pleural effusion, pleural and pericardial fnction sounds were noted 
vnal days before death, which occurred on November 14 iq4s, less than 7 weeks from the admission 
to the hospital 

Roentgenologic examination of the chest on October 10 revealed enlargement of the left vxntncle, 
' P^'oral effusion, and calcified nodes at the lung roots 

blood^ * findings were csscntiallj normal, excepting those of the blood The results of several 

rcacti recorded in table i Thirt}-onc per cent of the leukocytes were positive to the oxjdasc 

on Platelets on No\erabcr 6 were 53,100 per cu mm Smears of sternal marrow obtained by needle 
1 *^'’calcd numerous monocjtic cells many morphologically tj'pical of mature monocytes, 
cd with numerous m>cloid and nucleated red cells 

department of Patholog), Univcrsit) of Pittsburgh, and the Presbyterian Hospital Pitts- 
Pennsylvania 

P*itd June 10, 19^6 


3^7 
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POSTStORTEM IINDINOS 

The autopsy was performed i hours after death The body appeared u-asted, the slm ms siUok 
and numerous petechial hemorrhages were noted over both flanks The aMllar) and inguinal 1) mph noj > 
were discrete, moderately enlarged and rounded The edge of the hi er was palpable 9 cm below the 
lower costal border An mcisional scar in tbe right lumbar region was ucll healed There were no other 
noteworthy abnormaliues on external examination 

The pleural caiiues each contamed approximately 700 cc of clear water) fluid The pleural surfacei 
were irregularly thickened, scarred, edematous, and studded with pale miliaiy nodules There were 
numerous fibrinous and fibrous adhesions between the parietal and visceral pleura 

The lungs wore voluminous and pxjorly aerated On section modcratcl) extensile congestion anJ 
edema were noted, most pronounced m the dependent portions The pencardmm was thickened, fibroui 
and Its cavity vras almost totall) obliterated b) adhesions The spleen weighed 405 grams and was uni 
formly bluish purple On section the parenchyma was uniforml) soft and reddish brown The liver 
weighed 1890 grams It presented no gross abnormalities On section of the right kidnc) thick punilent 
exudate escaped from the cavit) of the pelvis A papillary tumor mvolved approximatch half of the 
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6 

44 

16 

9 
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inferior pelvic surface, it did not appear to extend into the ovcrl)mg renal medulla The ureteral orifice 
at the uretcropelvic junction was occluded b> the tumor 

The axillaiy, inguinal, peribronchial, mediastinal, mesenteric, and paravertebral Ijmph nodes were 
moderatel) enlarged Nodes of rhe latter group measured up to 4 cm in diameter The) were discrete, 
their capsules were thin, tense, and intact On section the pulp was solid, pale, and flesh) No areas 0 
degeneration or necrosis were apparent 

The marrow of the vertebral bodies and ribs was uniformly deep red and h)'pcrplastic in appearance 
The bon) trabeculae of the spongiosa were softened and cut readil) 

There were no additional gross abnormalines of significance 


MICROSCOPIC EXAMINATION 

Lungs The pleura was thickened b) fibrous nssue containing t)-pical nodular 
well organized b) scar tissue In areas there was a heavv diffuse infiltration with large ce s 0 m ^ 
cvTic, many of which appeared immature The cytoplasm was abundant, pink, non^ann 
quently irregular in contour, the nuclei were large vesicular, and frcqucntl) ^ j,ja 

patench)ma there were numerous perivascular infiltrations with monocytic cel s w ic ^^^1 

caused considerable thickenmg of the alveolar walls Immature forms were 
tended many of the alveolar spaces, which conuined mature monocytes in small 
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Flo I Blood Smear Showing Two Monocytes and a Neutrophil X 1150 
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monocytic leukemia and tuberculosis 



Fio 3 Lymph Node Miuaey Tubercles Are Sorropnded *v Intiamhatoey and FiBnoDLAUicTissut. 

X no 
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ciudatc was present m the lumen of a few bronchioles, surrounding which were small pncumomclcx, 
No tuberculons involvement of pulmonaiy parenchyma was demonstrable 

Heart The epicardium was considerably thickened by s ascular scar tissue tv ithin vhich ucrc nojulir 
well-organized tubercles Throughout the myocardium were numerous small irregular interstitial inlil' 
nations with cells of the monocytic scries which were present in considerable numbers in the sasculir 
lumina The tuberculous reaction had not extended beneath the epicardium 

Spleen The pulp was unusually cellular but the essential structure of the organ was not significanth 
altered The lymphoid follicles were distinct and frequently atrophic Throughout the interstices of the 
pulp were mononuclear cells of monocyte type, so numerous as to cause compression and distortion of 
the sinusoidal spaces They intermingled with smaller numbers of lymphoid cells and scattered plasma 
cells and neutrophilic leukocytes Within the suiusoids in small numbers were monocytic cells which 
were morphologically indistinguishable from the reticulo-endothelium No tuberculous insohcrocnt 
was apparent 

Liver In some of the portal areas there were small infiltrations with monocyiic cells Identical cells 
were present m pirofusion throughout the sinusoids, m some regions causing compression and auophy 
of the hepauc cords The Knpffer cells generally were hypertrophied and could be distinguished Irom the 
monocytic cells merely by their position along the sinusoidal walls There was no suggestion of a tubet 
culous reaction 

Kidneys Interstitial infiltrations of the parenchyma with mononuclear cells were numerous They 
were generally penvascular The pelvic epithelium of the nght kidney had been converted mto an ex 
tensive neoplasm composed of closely approximated papillary projections covered with cpitheliura ol 
transitional cell typic showing straafication, loss of polarity , and scattered mitotic figures There was no 
sign of mvasion of the renal parenchyma There was no evidence of tuberculosis m cither kidney 
Lymph Nodes Sections of the nodes from various regions revealed an extensive inflammatory reaction 
exhibitmg tyrpical miliary and small conglomerate tubercles, and small foci of caseous necrosis through 
out a fibroblastic matrix * In some nodes, uninvolved by the tuberculous process, there was a diffuse 
infiltration of the pulp ussue with cells of the monocytic series, which frequently extended into and 
through the capsule into the pcrincxlal fat The reaculo-endothelial cells were hypertrophied, frequently 
epithelioid, and appeared free in the sinusoidal lumina in moderate numbers 

Bone Marrow Sections of the marrow of several of the verrebrac and a nb showed a diffuse massite 
cellular proliferation strongly suggestive of a malignant process It had resulted in almost total replace 
ment of the marrow fat and had caused narrowing and atrophy of the bony trabeculae The proliferation 
formed no structural pattern and the cells were rclauvely uniform in size and appearance They had 
round, oval rcniform, or lobate nuclei generally vesicular but cxscasionally in mitotic division The 
cytoplasm was prominent, acidophilic, nongranular, and at times irregular m outline The sascular 
spaces were for the most part obliterated Megakaryocytes were seen infrequently Small nests of cry thro- 
poienc and myeloid tissue w-ere occasionally encountered There was no ncaosis or inflammatory 
reacuon 

Miscellaneous Sections of the thyroid, aorta, gastro-intestinal tract, pancreas, bladder, prostate, 
adrenals, and testis showed heavy intravascular and penvascular collections of monocytic cells many 
of which appeared immature None of these ussues showed evidence of a tuberculous reaction f 


DISCUSSION 


The combination of the clinical and hematologic features of the reporte case 
stimulated a vigorous controversy among the several attending physicians an 
consultants which was not completely settled by the results of the postmortem 
examinauon One group interpreted the hematologic findings to be t ose 0 
leukemoid reaaion complicating a tuberculous infection This interpretation 


* Two gumca pigs, inoculated with an emulsion of lymph node, 

•f Tubercle bacilli could not be demonscrated in sections of liver, spleen, an 
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based upon several factors i the known tuberculous infection of the patient, 
proven baaenologicall) , several years before the terminal illness, 2 . clinical evi- 
dence of activity of the tuberculosis indicated b) the pleurisy with effusion and 
the pencarditis, 3 the specific mobilizing effect of the tubercle bacillus on the 
monocytes, 4 the occurrence of leukemoid reactions in tuberculosis Indirectly 
the rarity of monocytic leukemia strengthened the leukemoid position 
The contrary opimon regarded the hematologic findings as specifically diagnostic 
of monocyuc leukemia 

After a review of the clinical, hematologic, and postmortem findings several 
considerauons led us to exclude a leukemoid reaction in spite of the fact that an 
active and extensive tuberculous infection not only existed but contributed to the 
death of the patient 

In general, leukemoid reactions represent alterations in the blood picture, 
usually the result of an infectious process * Unusually high leukocytosis and the 
appearance of immature leukocytes in the blood smear may simulate leukemia 
but, as a rule, repeated competent hematologic study can differentiate such reac- 
tions from leukemia ^ Pathologically one rarely encounters cases, adequately 
studied pKistmortem, in which differentiation offers any senous difficulty The 
massive hyperplasia and anaplasia of the hematopoietic tissues in leukemia and 
the vndespread cellular infiltrations of viscera are characteristic and specifically 
diagnostic Adnuttedly rare cases are seen in which absolute differentiation be- 
tween genuine leukemia and leukemoid reactions is not possible even after thorough 
postmortem study ® * We do not consider our case to belong in this category 
It IS well known that elevation in the percentage of monocytes in the blood 
tnay occur in tuberculosis’”” and that these cells are the most typical and char- 
acteristic in the inflammatory response of the host tissues To our knowledge a 
monocytic reaction of the blood similar to, or even closely approaching, that of 
our case has never been described in tuberculosis or any other infectious disease 
u cmoid reactions are rare in tuberculosis” and they are predominantly of 
niyeloid typc,'’”i^ rarely lymphatic In respect to monocytic reacuons in infectious 
processes, Evans states,^ Descriptions of prolonged monocytosis of sigmficant 
proportion and more particularly of all stages in the life cycle of the monocyte 
arc not available The presence of promonocytes and blast forms in our case adds 
comiderable weight to the leukemic interpretation 

e few reported cases of leukemia complicating tuberculosis are almost m- 
aria ly of myeloid or lymphatic typ>e This is consistent with expectations 
^ upon the relative frequency of the three major types of leukemia and is 
P 0 a ly a reflection of an accidental association of the two presumably unrelated 
tio^^” cannot exclude the possibility, however, that the tuberculous infec- 
cch"s stimulated an irreversible hyperplasia of the reticulo-endothelial 

culos * ' ’ leukemia Kirshbaum and Preuss'’ reported co-existent tuber- 

Wc°h^ leukemia of all types studied postmortem 

n ' ^ in the literature only one case of acuve tuberculosis asso- 

Monocytic leukemia 

c consider all of the criteria requisite for the diagnosis of monocytic leukemia 
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to have been fulfilled m our case These criteria include i the progressn e clc\ atton 
of the white blood cell count, exceeding loo.coo per cu mm , \Mth monocMcs 
and immature forms of the monoc) tie senes constantl) present m high percentage, 
L the character of the reaction of those l)mph nodes which uere free of tuber’ 
culosis, 3 the massive ccllulant) and anaplasia of the bone marross , 4 the wade- 
spread intravascular aggregates and the heavy perivascular and interstitial infiltra 
tions of monocytic cells in viscera uninvolved b} the tuberculous process 
Qinically the rapid course of the illness was tj^iicall} that of monoc) tic leu 
kenua resulting in death about two months after the onset of s)mptoms The 
absence of the gingival lesions frequentlj asaibcd to monoc) tic leukemia is con 
sistent with the experience of Watkins and Hall * 

In our opinion the failure to study the supravital staining reacuon of the mono- 
cytes of the blood docs not render their idcntit) questionable In the blood smears 
the ma)ority of the cells were morphologicall} t)qiical monocytes, and transition 
stages betsveen mature and blast forms were distinct Of interest in this respect is 
the fact that there was complete unanimit}" of opinion among the numerous 
hematologists and pathologists who studied the blood smears that the cell m 
question was a monocyte The characteristic appearance of the cells in the tissue 
sections also indicated their monocytic nature 

The possibiht)’- that the patient terminally developed acute hematogenous dis 
semination of the tubercle bacilli, and that the widespread perivascular and inter- 
stitial monocytic infiltrations of the viscera were earl) cellular reactions to the 
bacteremia, has been considered However, the general character of the cellular 
infiltrations, and the absence of both focal necroses and the various developmental 
stages of miliar)' tubercles in the viscera, so t)’pical of tuberculous bacteremia, 
negate such a possibility 


SUMMARY 

A case of monoc)'Tic leukemia assoaated with active tuberculosis of pleura, 
pericardium, and lymph nodes is reponed 

The criteria for the diagnosis of monoc) uc leukemia and the factors cxclu mg 
a leukcmoid reaction arc presented 

The rarity of monocytic leukemia in contrast with the ffcqucnc) of tu rcu ou$ 
infections and the ranty of active tuberculosis in the reported cases of monoc) nc 
leukemia indicate that the assoaation of the nvo diseases is probabl) comci enta 

Grateful acknowledgment is due to Miss Anne Shiras and Mortimer Cohen Nf D for th p 
micrographs 
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PLASMA CELL LEUKEMU 

By William T Moss, M D , and Lauren V Ackerman, M D 

T he following case appears to be a typical example of plasma cell leu 
kcmia, which because of its rarity deserves reporting 

REPORT OP CASE 

Oist Summary A G , a white man, aged entered the hospiul October 17, 1544, compliintng of 
increasing fatigue, anorexia, and weight loss of 3 months duration Two months prior to catt) aswcKiaj; 
of the nght lower jaw developed This was mciscd by a local dentist, and the resulting hemorrhage was 
severe Following this, numerous hemorrhages from the nose and gums occurred, and tarr) as well as 
blood streaked stools were noticed Slight exertion produced sharp pains in the right loner anicrior 
chest wall 

Tbystcal Examtnattnt (Oct 31, 1544) The pauent was a well-developed but acutely ill male nho wai 
weak, dyspneic, and pale There were petechiae over the posttnor aspect of the legs There was no lupcr 
ficial lymph node enJargement The gums were swollen and bleeding and clotted blood nsis present in 
both nostrils There was no tenderness on pressure over the sternum or ribs, despite a histotj of recent 
nb fractures In the nght axilla there was a draining, recently incised furuncle The abdominal ciaraina 
non showed fullness m both upper quadrants, more marked on the left The splenic and liver margins 
could be felt to descend 6 cm below the costal margins There ssas no clinical evidence of nates 
Labtratciy Data Unnalysis was negative, no Bence Jones protein was present at admission or ) dags 
prior to death The Kahn reaction was negative Konpromin nitrogen svas 10 mg per cent, total scrum 
proteins, 7 4 Gm , svith albumin i 6 Gm , globulin 4 8 Gm , and an albnmin/globulin ratio ol 0 5 
Blood count (Oct 51, 1944) red blood cells a, 120,000 per cu mm , hemoglobin, 7 Gm , white blood 
cells, 13,700, platelets, 330,000, difTercocial mjelocytes, 4 per cent, juveniles, 14 per cent, subs, 15 pet 
cent, segmented polymorphonuclear neutrophils, 24 per cent, lyinphoc) tes, 13 pet cent, monocytes, 
6 per cent, eosinophils, 1 per cent, basophils i per cent, and plasmocytes, ii per cent ■mth 4 pet cent 
pronormoblasts and 24 per cent normoblasts This count varied only slight!) throughom tht tntite 
course of the disease, in spite of numerous transfusions The sternal bone marross (Nos 1 ij44)ihowtd 
the marross completely replaced by plasma cells 

A skeletal x ray showed a moth-eaten appearance in several ribs, more marked in the anterior tn s 
of the third, fourth, fifth, and sixth ribs on the right, and in the acromial ends of both clavicles The 
skull was not remarkable X ray of the dorsal and lumbar s ertebrat was unusual onl) because no lubec 
ulae could be visualiaed 

Course On the basis of the clinical and hematological findings, a diagnosis ot plasma cell cu cmia 
was made The plasma cells in the pcnphcral blood increased to 17 per cent of the lcuLoc)ics ( I'^s 
after the patient was first seen, and to a maximum value ol xz per cent 1 weeks later (fig 1) 
globulmcmia remamed essentially unchanged throughout the disease The pauent receive ” , 

transfusions of 500 cc each dunng his hosputal stay, and telcroentgcnthctap) wasgisen or 1) 

(10 doses of 10 r each), with slight temporary improvement He expired ij months after a mission 
the hospital, and 3 months following onset of symptoms 


NECBOPSV REPORT 


The bod) was that of an edematous, anemic looking, white male The * "'^of thin blood) 

03 cm petechiae scattered over the entire bod) In the peritoneal cav it) there was ^ ^ of char 

fluid and on the peritoneal surface were numerous addiuonal hemorrhages ere w« 7 
vellow fluid m the left pleural cavit) , but the right was free of fluid The hwt ^ 

lungs were modcratch congested The spleen weighed 665 grams and its ate itcctu ^ 

The pancreas weighed 110 grams and contained mam gtavish white areas o 5 cm 


From the Department of Pathologv The Ellis Fischel Sutc Cancer Hospital Col 
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where the architecture was obliterated The liser weighed 1.500 grams and on cut section its normal 
architecture was present There were numerous round, jellowish, poorls defined areas measuring i mm 
to 1 mm on Its cut surface Enlarged axillan , peribronchial, periaortic celiac, and mesenteric nodes 


« F J 



4 


Fig I Blood Smear 

Note charactcrisnc appearance of plasma cells Insert reveals t>'pical form with ccccntnc nucleus, 
pcrinuc ear halo, and usual arrangement of the chromatin 





Fio 2 . Fig 3 

(Lept) DitTUSE iNnLTRATIOK OF LiVER RESEMBLING ThAT OBSERVED IN MVELOOENOUS 

p Leukemia X 135 

3 C^^ight) Liver Shows Numerous Plasma Cells with One Binuclzated Form 


Reticulo-Endothelial Origin Is Suggested X 1400 


of the ^ consistent:} and the largest of these measured i 5 cm in diameter In the 

vertebrae were scscral l mm , whitish areas 
^^tnatton Ltva- Plasma cells were present in every region of the liver, but were more 
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Figs 4 CTop), 5 (CEsm) and 6 (Bottom) Spleen Deaionsteatu Nliieeous Blood \ifiniKTTi! 
Plasma r.PTTs in Vasjoos Stages of Desti-Opment REncuijO-ENTXiiuELiAL Owcis Is Slgglstid 

X 1400 
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nmUd around the liver ]obuIe< and the central \cin"i In the <inu"^ids and between indnidual cells 
there were also numerous plasma cells (figs i and 3) These cells ga\e no sign that thes arose from 
Kupffer cells and in no waj resembled them Areas of duct proliferation were seen within all focal col 
lecnons of plasma cells More multinucleatcd forms were found in the liter than m an\ other organ, 
ocasionally as man) as 4 nuclei were found in a single cell Mans large and small blood sesscls in the 
hver, spleen, and pancreas sbossed large clumps of peripheralls placed plasma cells in their lumina 



7 (UpfER Left) Diftuse iNncTRATioN or Pancreas X 135 
(Losver Left) Bone Marrosv Restals Diminution and Reduction in Size of Bone Spicules 

(Losv Posver) 


w Fio g (Upper Right) Bone Marross 

replacement bv plasma cells in sanous stages of formation and their close 
“*9 bone X 1400 

^ (Lower Rioht) Roentgenogram of Two Vertebrae Etosed at Autopst 
t^Mrse lac) pattern suggesting osteoporosis but due to diffuse replacement by plasma cells 


t^ojced w l' ““RirI architecture of the spleen svas almost completely destroy cd The sinuses were 
htuvtejf ^ “ma cells while the svhite and red pulp had largely been replaced by them There 
'“'I'lishcd ‘^°lIections of lymphocytes in the red pulp sshich were well demarcated and easily s 
could “djacent plasma cells Nothing resembling transitional cells between these two ce 

be ascertained that plasma cells adjacent to the sinus endothelium 
’"«g«u\ei "’‘^otbebum, but the relation of the plasma ceUs to the endothelium was certainly 

defti in til, Occasionally plasma cells could be seen partially migraung through sma 


siDus wall 
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L-)mpb NoJes Ten celiac and one peribronchial node showed complete destruction of thcit struautc 
b\ plasma cells \%hich insaded the capsule and surrounding fat The sinuses u-ere plugged «ith the cells 
and there ssas no sign of persisting follicles Esidencc that the plasma cells arose from the few scarce 
l>’mphocs tes could not be found 

Panenas Plasma cells had infiltrated between the lobules and acini and esen into the surrounding 
(fig 7) An estimated one fourth of the acini had been destrosed The islets were not insaded al 
though thes wxre often well surrounded b\ plasma cells 

Bom Mottou The hone marrow from the sternum, ribs and sertebral bodies was grossh not rcmarl. 
able Microscopicalh there was an almost complete replacement of normal elements b\ a diffuse inliltra 
non of plasma cells The trabeculae of the spong) bone were decreased in size and number (fig S) and 
plasma cells were in direct contact with trabeculae as described b\ Gcschickter (lig 9) An x ra) was 
taken of a segment of lumbar xertebral bodies removed at postmortem examination This rescaled a 
coarse lac) pattern with markcdl) diminished trabeculae (fig to) 

There sserc focal collections of plasma cells in the perirenal and pcriadrcnal fat the seminal scsicics 
and the testicles There were no important changes in the heart th>TOid, prostate gallbladder, kidnc)s 
stomach esophagus aorta small or large bowxl lungs or lumbar axillarj or peribronchial Is mph nodes 
Microscopic Dtafpicszi Plasma cell leukemia with diffuse bone marross insolsemcnt and with infiltra 
non of the liscr spleen pancreas Ij mph nodes testicles and seminal scsicics The diagnosis ol plasma 
cell leukemia ssas confirmed bs fisc eminent pathologists and hematologists ’ 

REVIEW OF THE LITERATURE 

In the literature there have been 36 cases of plasma cell leukemia The first 
case was reported by Foa (i9ol), who called the disease pscudoleukcmia plasmo 
cellulans ■* He found plasma cells in the blood and diffuse infiltration of the bone 
marrow, liver, spleen, and in some lymph nodes In our discussion, certain question 
able cases have been omitted Foord s cases i and in many respects resemble 
plasma cell leukemia, and perhaps by some would be included in this review 
Geschickter- has pointed out that in multiple myeloma it is not surprising to find 
occasional plasma cells in the blood, in view of the fact that myeloma cells can 
be found in the vessels m the tumor area The consistently low counts present in 
Foord s cases, the clinical signs and symptoms of multiple myeloma rather than of 
leukemia, and the fact that Foord himself has failed to classify his cases as plasma 
cell leukemia, have lead us to omit them from this review The case reported by 
Lucksch’® has also been omitted because the data were incomplete and the bone 
marrow biopsy was negative 


CLINICAL FINDINGS 

Age Plasma cell leukemia has been reported in patients from i 5’ to 78' years 
of age, but is usually found benveen the ages of 45 and 60 Sixty per cent of the 
cases occur after 50 The average age of all cases reported, excluding the single 
1 5 year old child, is 54 l years 

Sex In contrast to multiple myeloma in which 70 per cent arc males, neit cr 
sex shows a predisposition for plasma cell leukemia Of the yx cases reporting sex, 
16 were males and 16 were females 

Clinical lAanifestations The early sy mptoms of plasma cell leukemia in t 
lority of cases arc those of multiple myeloma The most frequent initia symptom^ 
IS vague pain generally beginning in rbe back How ever, it may 
legs,» orLbsternal region - Accompany mg or preceding the pain there is usually 
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ahistoT} of lassitude, wcakriLSS, and wcit^lit loss Anemn also frcqucntlv Jcsclops, 
which intensifies the last-mentioned s\ inptoni and nns produce tingling sensations 
in the extremities *’ Vertebral lesions max produce neurological signs and s\ nip- 
toms ” In cases where no priniarx osseous lesions can be located, tendenc) to 
hemorrhage max bring the patient to the hospital '‘'Thirteen cases in addition to 
our own hax e shoxx n hemorrhagic tendencies The bleeding is nearlx alx\a)s from 
the gingiva or nose, but hemorrhage from the gastric mucosa xx as reported b) 
Askanazj ” These hemorrhages frequentl) occur near the termination of the 
disease 

The bonc-destructix c nature of plasma cell leukemia is exemplified b) frequent 
pathologic fractures Fixe of the 36 cases had such fractures 
Pathology The usual pathologic picture produced b) plasma cell leukemia is not 
grossl) different from that of an) chronic or subchronic leukemia, xxith the addi- 
tion of multiple m)clomatosis Me)cr" found in the literature li cases (including 
ouch) Lucksch'"') of multiple m)elomaxvith plasma cells in the circulating blood 
To this list ma) be added our oxvn, one case b) Lindeboom,'" and oneb) Keilhack 
Maresch^ and Hertz" have described extraskeletal plasmoc) tomas as primar) 
lesions in their cases When Osgood and Hunter''’ reported a case in 1934, the) 
found only their oxvn and Piney s case'^ xvithout evidence of associated tumor 
Meyer’t believes his case also falls in this group Hoxvcver, as Patek"' has pointed 
out, the meticulous roentgen ra) stud) and search at autops) for plasmoc) toma 
necessary to exclude the presence of tumors xvas not made in the first exvo of 
Aese Cases Consequent!) , associated plasmocytoma in plasma cell leukemia should 
he suspected until every possible method of exclusion has shoxvn it to be absent 
As in other leukemias, there is s)temic involvement of the hemopoietic system 
hns, the bone marroxv, spleen, liver, and lymph nodes arc usually much altered 
Botii Marrow In plasma cell leukemia the bone marroxv shows diffuse infiltration 
his finding is essential for a diagnosis of plasma cell leukemia The plasma cells 
found in the bone marrow do not differ from those in the blood, except that in 
the blood the plasma cells tend to be smaller The spongy bone is destroyed )ust 
as It IS in multiple myeloma, but as Kcilhack had pointed out, osteoclasts appar- 
ently have no part in this process Geschicktcre described this same destructive 
process in the punched-out areas of uncomplicated multiple myeloma Our photo- 
micrographs of diffusely infiltrated bone marrow show a decrease in both the 
number and the size of the trabeculae The roentgen ray manifestation of spongy 
bone destruction shows a coarse lacy pattern somewhat resembling osteoporosis 
Hoxxevcr, even xvhere the marrow is infiltrated, an apparently normal roentgeno- 
gram may be obtained Also, on gross examination the bone marrow may appear 
normal xxhen the microscopic examination reveals diffuse infiltration by plasma 
cells This IS accounted for by the diffuse nature of the infiltration and the per- 
sistence of some trabeculae to show no gross alteration in the bone marrow 
Liter The lixcr apparently is enlarged in about one-half of the autopsied cases 
and miy xxeigh as much as xyyo grams,*® although the average weight is 1900 
fframs In the great majority of cases it is invaded by plasma cells Of X9 autopsied 
ctscs in xxhich this factor was mentioned, xy shoxx ed lixcr inxolvcmcnt This 
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involvement is usuallj one of diffuse infiltration (as in m}clogcnous leukemia), 
1 e , in sinusoids, between liver cells, and in the periportal areas Ho\%c\cr, focal 
areas of involvement have been noted by Jones and Bruns,'”’ and b> Apitz In 
our case there were definitely more multinucleated forms in the liver than in the 
other involved organs Reiter^'' has reported more young forms in the Incr than 
in any other organ 

Sfleen The spleen is also usually enlarged and in one case was reported as weigh- 
ing 1665 grams In xx of the z6 autopsied cases in which this weight factor 
was noted, the spleen was above normal weight Its usual weight, when asso 
ciated with plasma cell leukemia, is 315 grams to 400 grams On cut section the 
spleen usually has a poorly defined or a completely destroyed architecture The 
parenchyma, as described and illustrated by Osgood,*® may show circumsaibed 
but often confluent whitish areas On the other hand, an enlarged, diffusel) in 
filtrated spleen may present an entirely unremarkable cut section Microscopicall) , 
as a rule, the follicles are completely absent, only occasional lymphocytes arc 
seen, and the sinuses and reticulum arc filled with plasma cells Osgood'* and 
Keilhack*" mention the large amounts of hemosiderin in the reticulum cells of the 
spleen, which arc manifestations of blood extravasation 

Lymph Nodes Too frequently a description of adequate lymph node examination 
in plasma cell leukemia is missing from the case reports An account of generalized 
lymphadenopathy has not been found in the literature, but nearly every Ijmph 
node area has been invaded by this disease cervical,” -* inguinal,'"’ avillar),” 
paraportal,'® and retroperitoneal nodes Such nodes usually show an absence of 
germinal centers and a filling of the sinuses with plasma cells 

Pancreas This organ has only occasionally been reported as being infiltrated b> 
plasma cell leukemia Patek and Castle®* found in the tail of the pancreas a tin) 
nodule composed of plasma cells, and immediately surrounding which the normal 
pancreatic tissue was invaded In our case there was diffuse pancreatic infiltration 
The islets of Langerhans were spared infiltration and destruction, but the acinar 
tissue showed both 

Other Organs Numerous other organs have infrequently been infiltrated by plasma 
cells The kidney has been reported involved seven times,' ” '’* '* '’* *’ usuall) 
described as a diffuse infiltration in the interstitial tissue between the tubules 
The interstitial tissue of the lungs was reported infiltrated by Kcilhack,” the 
heart, by Osgood,'® the tonsil, by Ghon and Roman,'” the gastric mucosa, b> 
Osgood,'® the testis, by Ulrich,®' and the skin, prostate, and parotid, by Pinc) 
and Riach Kreibich'® believed that a skin nodule was the primary lesion in 
his case, and that the bone marrow infiltration was metastatic However, Ulrich ' 
has thought this to be very unlikely 


DIFFERENTIAL DIAGNOSIS 

Askanaz)” has formulated the following as requirements for a diagnosis of 
n1a-:ma Cell leukemia 

^ I Plasma cells must be present in the peripheral blood (more than just ter- 
minally) 
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1 Ltukoc)tosis 

3 Diffuscl) involved bone mniTow 

This list makes no provision for the alcukcinic phase vv'hich, as keilhack^® has 
pointed out, depends largelj on the bone marrow findings for diagnosis Such an 
aleukemic phase probabl) docs not differ from the not uncommon, diffuse m}clo- 
matosis in w'hich no circulating plasma cells arc present A bone marrow biops) 
showing diffuse plasma cell infiltration, together with finding the tjpical cell in 
the circulating blood, is ncccssarj and usuall) sufficient The clinical signs and 
symptoms of acute, subacute, or even of chronic leukemia arc helpful, but not 
necessary 


The plasma cells have been reported b) NaegclT to increase to 30 pier cent in 
the circulating blood of patients with the measles, in rubella, rubeola, and scarla- 
tina, by Craik,’® in chronic 1 ) mphattc leukemia, by Pappcnheim,’’ and occasion- 
ally m myeloid leukemia, metastatic carcinoma, and Hodgkin s disease On the 
other hand, bone marrow infiltration by plasma cells unaccompanied by more than 
sn occasional plasma cell in the circulating blood may be found in hepatic cirrhosis 
per cent plasma cells^, agranulocytosis 5 p>cr cent plasma cells), miliary 
tuberculosis (45 per cent plasma cells), and, to a much less degree, in several 
hypoplastic anemias 

Laboratory Findings In plasma cell leukemia the leukocyte count is usually 10,000 
to 40 ) 0 oo/mm’ A count of 1900 was reported by Hertz" and one of 133,400 by 
teinhaus,® but these are extremes A count above 100,000 is very rare On repeated 
examinations, the leukocyte count is usually seen to rise slowly as the disease 
ptogrcsscs In 5 of the 36 reported cases, no abnormal elevation of the total white 
count was observed The percentage of plasma cells found in the peripheral blood 
t'aned in the literature from 87 per cent” to i per cent ==» When first seen, an average 
u ^9 per cent plasma cells were found in 2.9 of the 36 eases presenting these data 
r percentage of plasma cells tends to increase slowly as the disease progresses, 
2Dd conversely, the percentage of neutrophils is found to decrease moderately In 
^ reported by Lemaire,-* plasma cells were found in pleural fluid 
The erythrocyte counts at the time the patients were first seen averaged z,6oo,ooo/ 
(16 of 36 cases), but this count becomes progressively lower Anemia follows 
the same pattern as in other leukemias Forkner^== has discussed the etiology of 


anemia m leukemias and mentions the significance of disorderly blood formation, 
ood loss, and increased blood destruction All of these arc found also in plasma 
leukemia and undoubtedly account for the anemia present, even though the 
Actual mechanism is not understood The case reported by Reitcr^t -y^as initially 
ought to be pernicious anemia when the presenting symptoms were marked 
anemia^ -^veakness, tingling sensation in the fingers, and awkwardness of gait 
The low platelet count so frequently found in plasma cell leukemia is reflected 
‘0 the high percentage of hemorrhagic tendencies found As mentioned previously, 
H out of 36 cases have shown abnormal bleeding tendencies The platelet count 
'as^mentioncd in 13 cases, described as decreased in 6, and averaged 6z,ooo/ 
^ m the other 7 In our case the platelet count was initially normal and remained 
0 unng the course of the disease Thrombocytopenia may account for some of 
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the hemorrhagic tendencies, but Foord” has shown similar bleeding m multipit 
m)eloma with normal or slightl) reduced platelets, abundant fibrinogen, and an 
abundance of calcium He is unable to explain this phenomenon 

Just as in multiple m)eloma, h) perglobulinemia is sometimes present in plasma 
cell leukemia In addition, a hj pcrproteinemia was found in Cabot s 

case The globulin was reported within normal limits in the z cases cited b\ 
Rubin” and the i b} Lemaire =* Lowenhaupt’ believes plasma cells arc closch 
related to those cells which arc concerned w’lth the formation of antibod) globulin 
She also believes that in its abnormal form, plasma cells arc producers of the hj per- 
globulincmia 

Bence-Jones Bodies Of the 37 cases of plasma cell leukemia — which includes our 
own the test for Bence-Jones bodies in the urine at as performed in 10 Of the 
2.0 tests, 6 avcrc positive, and the rest, negative Since Geschicktcr' reported onh 
65 per cent positive Bence-Jones tests in multiple mjeloma, a negative test should 
obviously not be used to rule out multiple myeloma Yet both Pincy'^ and Os 
good'* used it in this fashion On the other hand, a positive test is good c\ idcncc 
of multiple my'eloma, for it is infrequent that Bence-Jones bodies arc found in 
diseases other than multiple myxloma - 


THE RELATIONSHIP BETWTeEN MULTIPLE MTELOMA AND PLASMA CELL LEUKEMIA 

A senes of transitions from typical multiple myeloma to typical plasma cell 
leukemia has been arranged by' Pincy and Riach' and has been discussed by numcr 
ous workers The entire senes of cases reviewed might be classified more 

or less in order from those typical of multiple myeloma to those which resemble 
ty’pical leukemia However, such a list adds nothing to our know'lcdge of the 
disease 

Patek-' implied that the more nearly plasma cell leukemia resembled a typical 
leukemia, the more malignant the disease Thus the readiness with which plasma 
cells tend to enter the blood stream should be a measure of malignancy Such a 
statement seems logical, but it has not been proven In multiple myeloma the 
average duration of life after recognition of symptoms is z years In plasma cell 
leukemia the average duration of life is 8 months The cases of plasma cell leukemia 
with an initial plasma cell count in the peripheral blood of over 50 per cent (4 
cases) had an average duration of life of 5 months, while those with an initial 
plasma cell count under zo per cent (15 cases) had 8 months duration of life With 
such a small number of cases, not much significance can be attached to these 
figures, but it does suggest that the readiness with which plasma cells enter the 
pcnphcral circulation is a measure of the malignanq 

Since multiple myeloma is a leukoqtic tumor, the occurrence of leukemia in 
certain cases brings up again the close relationship between the Icukocitic nco 
plasms and leukemia, the latter probably being a generalized % ariant of the former 

condition 


ORIGIN OF THE PLASMA CELL 


Although there has been a great deal of investigation 
origin of the plasma cell, the question remains unsettled 


and speculation on the 
An e'^tensne resieas of 
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the subject is not justified in this paper Michels^' has discussed the various theo- 
ries of origin, morphogenesis, function, and development of the plasma cell, and 
he summarizes the theories of origin as follows (i) A histogenous origin from 
connective tissue cells, including tissue l)mphoC)tcs, fibroblasts, clasmatocytes, 
resting wandering cells, adventitial cells, and hemohistioblasts (x) A hematogenic 
origin from emigrated ly mphocy tes (3) Mixed origin from emigrated lymphocytes 
(monocytes) or pre-existent tissue ly mphocy tes (4) An origin from immature 
blood cells (myeloblasts, hemoblasts [erythroblasts, granuloblasts]) through aber- 
ration or abortion Michels favors the third theory^ The recent observations of 
Lowenhaupt' are in favor of a reticulo-endothelial origin of plasma cells She 
found plasma cells arising from sinus endothelial cells of 7 spleens and concludes 
An origin from histocytic ty^pc cells is indicated by' the sites of proliferation in 
the spleen, liver, and lymph nodes, by the ty pe of hepatic infiltration, and is sug- 
gested by the invasion of bone In our case, sections taken from the spleen, liver, 

and lymph nodes tend to support Lowenhaupt s findings 


SUMMARY 

A case of plasma cell leukemia is reported, together with a review of the liter- 
ature, including a summary of the signs, symptoms, and laboratory findings 
usually present The relationship of this leukemic state to ordinary plasmacytoma, 
a tumor of white cell origin, is discussed 
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morphological examination or THE BLOOD AND STERNAL 
MARROW OF NINE PATIENTS TREATED WITH THIOURACIL 


Z 3 ) CarlJ Gessler, M D 

TjECAUSE of the current interest in agranulocj tosis follotsing thiouracil 
J-/ administration it was determined to stud) the blood and bone marrow in a 
senes of 5 patients under treatment with this drug for h) perth) roidism 
Lis of interest that before treatment was instituted the total leukoc)te count 
4 of the 5 cases was less than 4,000 per cu mm , wnth a correspondingly low 
s^a uc of the absolute number of neutrophils (table i) Two cases had hemoglobin 
va ucs under 70 per cent, wnth a color indev of less than i 

EFFECTS OF THIOURACIL ON THE DLOOD 

lo 1 of the 9 cases treated with thiouracil the leukocyte count dropped below 
liOoopercu mm This does not mean that in our experience leukopenia developed 
a out lo per cent of the cases, because actuall) a larger group of patients was 
^nd the onl) 2. cases which developed leukopenia are included 
t c smaller group of 9 patients whose bone marrow was examined In a third 
(no x) administration of thiouracil was discontinued because of the develop- 
ment 0 a severe urticaria, the absolute number of neutrophils fell from X585 per 
at the time treatment was stopped to 1584 18 days later 

(nos 1,9) toxic neutrophils were seen in the last blood smear, 

. 5 y ^^nge amounts of the drug had been given In case no i, x of 61 neutro- 
toxic ^ ^ bluish cytoplasm, vacuoles, and coarse granules, in case 9 the only 

c ange was a slightly coarse granulation of many neutrophils 
showcT^ ^ ^ blood examination made 3 days before the onset of severe urticaria 
cons H '^be eosinophils to 8 per cent Such an increase might be 

nianif'^*^^ indication that some form of allergic reaction was becoming 

both^ ®bght hypochromic anemia in x of the cases mentioned above improved in 

Cases during the administration of thiouracil without any additional anti- 
ancmic therapy 

^ ^ ^ I N ATI OTsi 

OF THE STERNAL MARROW AFTER ADMINISTRATION OF THIOURAQL 

'voman readily performed in all cases except no 6, a 39 year old acromegalic 

oriein" a ^^P^'^byroidism (BMR -)- 48), which was probably of pituitary 
b) this ^ differential cell count was made according to the technic of Rohr * 
500 celir^f^°'^ simply count 500 nucleated cells but enough to obtain 

percent* ^ granulocytic and lymphocytic series, the result is expressed in a 
tbe hemo^ "'bich permits a more exact comparison between the myelogram and 

* w/roH Bessels Belgium 

hr D,s Meuschhchc Knockenmark Leipzig 1940 
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Table 1 


Case 

no 

I Before Thiouracil 

1 

1 

1 After Thiouranl 

Lexiko- 

cj'tes 

Neutrophils 

1 Total amount of 

thioumcil gi\en 
(grams) 

Leuko- 

cytes 

Nculrophn^ 

•7 

1 4 b 5 ol 

1 number 

1 


Ab*ol number 

I 

7,600 

3 ^ 

2 -. 432 - 

3X 6 jfl 66 da> s 

7.J00 j 

61 

4 33 ' 

X 

3,100 

61 

1 891 

16 4 in 17 da\ s 

4 700 

55 

1 5S5 (on 30— \) 




i 


3 600 

44 

I 5S4 (on 17— \I) 

3 

8,500 

6x 

5.-70 

34 3 in 56 dais 

S loo 

79 

6 399 

4 

3,900 

60 

1 1 340 

36 4 in 68 da) s j 

4 800 

53 

^ 544 

5 

3 - 9 °o 

35 

'.365 

47 4 in 76 da\s 

1 500 

35 

S75 

6 

6,700 

63 

4.^1 

1 41 6 in 56 davs 

3,800 

66 

1 - 5 °S 

7 

3,500 

40 1 

I 1,400 

31 in 31 dats 

1 500 

49 

' I 115 

8 

4,800 

39 1 

1,831 

i6 I in 50 da\ s 

5 600 

^3 

3 5 ’-S 

9 

7 100 

57 1 

4.047 

61 in 99 da)s 

8,300 

^4 1 

5 3 ”- 


Table l — Afjf/o^rams 


Case no 


1 I 

1 1 

1 ^ 

1 

3 

1 4 

5 

1 6 

1 

1 ' 

8 

1 9 

Rcaculum 

1 macrophages 

'0 

lo 

1 

0 


1 ° 

0 

0 

1 

1 0 6 

0 

^ 0 


j plasmac) tic 

I 6 

' 3 

’ 3 


I X 

' - 8 

1 0 6 

f X 6 

0 

1 ^ - 


1 hmphoid 

.04 

5 1 

1 5 

4 

1 ° 8 

1 0 

0 

I18 

X 

0 ^ 

1 


Procn chrohlists 

'oil 

1 0 6 

1 

1 

4 

1 0 X 

0 4 

0 4 

1 ' ^ 

1 0 

1 0 4 


Macroblasts 

j 

1 






I 




basophihc 

r 6 

X X 

1 

6 

1 1 

0 S 

0 6 

' I 6 

1 

- 4 

Er) thro- 

pol) chromaiophihc 

' 3 8 

4 

1 - 

/ 

8 

' 0 4 

* 4 4 

' I 6 


7 

1 . 

poicsis 

Normoblasts 






1 


1 1 




basophihc 

1 X 

I 

1 

4 

1 4 

I 

0 s 

, ' 4 ; 

0 7 

0 


poh chromatophihc 

xo S 

33 4 


S 

16 6 

XX 6 

iS 8 

'35 

5 

'-4 ' 


orthochroraaric 

0 1 

I 4 

1 ' 


0 4 

1 0 - 

0 4 

1 1 1 1 

3 3 

1 . 

t 


M)cloblasts 

1 0 

X 

1 ° 


' X X 

0 6 

0 s 

1 ^ ' 

' 7 

1 

0 ^ 


Premi cloci tes 

6 - 

5 S 

, 3 

i 

5 

^ 9 

3 

II H 

4 4 ' 

4 8 

! 

Mscloc)tcs 








( 




immature 

II s 1 

10 s 

9 

4 

"■ 4 

16 

10 6 

'3 ! 

7 

II s 


mature 

16 - 

6 8 

14 

8 

10 s 

5 4 

i'-’ 

' 6 

6 

7 6 


Mctam)clocs tes 

9 4 

6 4 

JX 


6 6 


liS 8 

,44. 

7 7 

7 1 

Lcuko- and 

Neutrophils 






1 ' ^ 





l)Tnpho- 

nonhlaraent 

a-7 

40 - 

'-7 

6 

1^' " 

41 6 

39 

36 3!. 3 

55 

poicsis 

hlamented 

16 S 1 

9 - 


6 

10 4 

S 8 

S 8 

'84: 

18 3 

18 4 


Eosinophil m>cloc> tes 

3 

5 ^ 

- 

6 

0 

3 f 

0 

3 

4 (■ 

3 4 


Eosinophils 

I 4 1 

3 

1 

- 

0 

- 4 

0 - 

' 3 4 

3 

X ■; 


Basophils 

0 4 

0 4 

0 

8 

0 

0 

0 4 

0 




^ Monocites 

0 - 

0 4 

* 0 

8 

^ I 

0 1 

0 





1 

j 

Li raphoevtes 

7 6 

9 S 

=• 


■4 4 

4 f 

4 

10 6 ' 

8 4 

7 6 

Granulocvtc-cr\ throblast ratio 

3 - 

— 

! 

f - 

9 

' 4 

3 - 

4 - 

_ 1 

« 7 

3 
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The results of our studs arc c>'cn in tabic In discu^'Sinq tlicsc rc''ults, uc shall 
consider the sum of the prcins cloc\ tes and imniatiirc nu does tes as a unit In this 
group arc included those cell forms between the iincloblast and nnturt nucloc) tc 
and on uhosc definition esers one is pretts well aerced Most stril me; is the fact 
chat the percentage of prcnuclocs tes + immature nn does tes was found to be 
Diarkedl) increased in the i cases (nos which Iiad dc\ eloped a leukopenia, 

as illustrated in the figure These changes (decrease of the Icukocstcs and neutro- 
phils in the blood w ith an increase of the prcitn does tes and immature m\ does tes 
10 the marrow) arc similar to, although less marked than, those seen in mans 
cases of agranuloca tosis (disappearance of the neutrophils from the blood and 
complete predominance of the prcm\ does tes in tiic marrow ) 

Besides the numerical changes there were also some morphological alterations 
■Dthcscicascs In ease 7 some of the prema does tes were abnormalU large, mans 
0 them had an irregularis shaped nucleus, the same irrcgularita was noted in a 
few m) cloblasts 

In ease 5 some of the prcm\ cloc) tes had an irregularis shaped nucleus In both 
cases one sees large prcmjelocstc ssas seen ssith t\ pical blue cs toplasm but a 



1 Blood axd Bove Mahrou Findings — Normal antj Tmoun-saL Treated Cases 

CNCcpt the hrst one which 

attitrophil notmal \ilucs rirsi column total leukocAte count (^hatched) and absolute number of 
do ca/onin ("solid black) percentage of neutrophils m the blood ThtrJ 

ha\c pnm^ I P^‘^‘^“8e of prcmjclocs tes -f- immature mteloCAtes m the sternal marross (bene we 
I*^tonsi(l ' Sw™> >n the first group the maximum normal value so that all salucs in cveess must 
Icubocite^ * normal) Note the striking contrast in cases 5 and 7 between the low \alucs of the total 
®--nire nijeloo °Iche number of neutrophils and the increased number of prera) elocv tes and im 


lar: 


such ^^hich had the shape of a curved rod and a fairl) )Oung structure, 

’^'cen th result of an abnormal maturation with marked discrcpancj bc- 

^I'Sht n ^ ’■Be cytoplasm and nucleus In ease 1., which later dcvclopicd a 

In ^ prem) clocj tes with irregular nucleus were also seen 

Blood sm^ P^ricnts tvho exhibited slight toxic changes of the neutrophils in the 


smear, 
ni'v doc} 


examination of the bone marrotv showed (i) in ease no i, i meta- 


eoarsc ^ "1'^^ coarse granules and i immature myelocyte with vacuoles and 
case^ a f ^ ’^otal of 51x3 cells of the Icuko- and lymphopoiesis, (2.) in 
"heth^"^ ’’eutrophils with slightly coarse granulation, it being impossible to 
er thc) belonged to the blood or to the marrow 
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To complete the picture, we mention that a binucleated cell was seen m 1 cases 
in no 6, an immature m)eloc) tc with z nuclei, in no 9, a neutrophil w ith 1 roJ 
shaped nuclei wnth adult structure This last cell might be a neutrophil micloci tc 
in w'hich the mitotic di\ ision of the nucleus w as not followed b) a di\ ision of the 
whole cell and where the z nuclei continued their maturation, as shown b\ shape 
and structure, to the stage t) pical of adult staff cells 

The number of megakarj oc) tes w'as increased in cases no 9 and, to a lesser 
extent, no 5, which reaction can be seen in some forms of thrombopenia and 
panmj clopachj 


DISCUSSION 

In the cases we have personall) observed, we have failed to see the sudden 
development of severe agranulocytosis, which is largely an allergic manifestation 
In z cases the leukoc) te count dropped below the 3,000 mark, in these, the c\ 
amination of the bone marrow showed evidence of impaired development* m the 
granuloC}te series increased percentage of prem) eloc) tes and immature mjelo 
cytes, abnormally large premyelocytes, discrepancies in the maturation of nucleus 
and cytoplasm It is conceivable that these changes, when allowed to dciclop 
further, might eventuate in a toxic agranulocytosis, which, contrary to the acute 
allergic variety, shows a definite relationship to the amount of toxic substance 
given 

Ery thropoiesis did not suffer, a slight hypochromic anemia in z cases improicd 
during treatment 

It should be emphasized that patients treated with thiouracil should have weeUy 
leukocyte counts, together with careful examinations of blood smears with particu 
lar reference to the differential count of the white blood cells and to toxic changes 
in the granulocy'^tes In some cases, the number of neutrophils may be marlvcdly 
decreased, although the total number of leukocy’tes remains within normal limits, 
and in others, the development of well-defined toxic changes in the neutrophils 
may be indicant e of an impending serious disturbance 

* \Vc purposcb at Old the term maturation which has been too widclt used without discrimmatin/; 
between the true maturation of a cell or group of cells and the abilit) for mitotic dis ision (See Rohr 
pp J07-0S ) 



sternal MARROW STUDIES IN TH^ ROTOMC OSIS IREVTED WITH 
THIOURACIL and rex lEXV or literature REG \RD1NG 
THIOURACIL ErrECTS ON Bl OOD 

Stella H Sik^lma, M D , Etui l W Ttii wns, s'sn 0\ in O MiTin,MD 

'pHE danger of leukopenia or agnnuloci toMs oLCurring during tliiouncil 
X thcrap) has been rcpcatcdK cmplnsiTcd The purpose of this paper is to 
F^sent serial studies of peripheral blood and sternal marrow in tlnrotoMC pa- 
before and after treatment with thiouracil* and after th\ roidcctomv 


t-lTERATORE REGARDING THIOURACIL Lm CT ON RLOOD AND MARROW 

A review of the available literature to date shows 191^ eases! of tin rotoxicosis 
•n which thiouracil w'as employed This does not include the use of thiourea or 
cr related compounds nor the use of thiouracil in an\ condition but th)ro- 
toxicosis Fortj-four eases (l 3 per cent) had resulting agranuloc) tosis, and of 
^5 C34 cent) died because of the agranuloc) tosis Ninctj -three patients 
4 9 per cent) developed significant leukopenia There arc obvious disadvantages 
method of estimating the occurrence of these complications How'cvcr, two 
recent articles have presented data on the same subject and the results arc similar 
Uec table i) There arc unavoidable duplications in these two senes and in our 
review of the literature 

Table x shows a brief summary of the 44 reported cases of agranulocytosis due 
*■ ouracil Eight were male and x6 female (10 unspecified) This ratio probably 
approximates that of thyrotoxicosis itself The ages ranged from 16 to 70, the 
average being 45 years Marrow findings were described in 15 eases, but in many 
Cases We do not know how long the agranulocytosis had existed when the marrow 
ICS Were done In most cases the marrow was described as hypoplastic, or 
With maturation arrest 
Fitz-Hugh and Krumbhaar in 1931 
cen done before thiouraal was given 
Dameshek’^” states that in agranulocytosis the bone marrow goes through 
*■ ^ following stages immediate reaction with reduced numbers of granulocyte 
Ptecursors, shortly thereafter a loss of mature, then immature granulocytes takes 
T ^ ff che patient survives, the granulocyte precursors reappear, and this is 
c stage which has frequently and perhaps erroneously been termed matura- 
C’on arrest , the mature granulocytes then reappear Dameshek quotes the 
work of Plum,’^’’ who performed serial sternal punctures m many of his 114 cases 
o agranulocytosis, most of them following aminopyrine Braun’® reports serial 


maturation arrest in the granulocyte scries, a concept first presented by 

** In only i ease had a control marrow study 
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bone marro\% examination'; in a ca«e of a^ranulocv to>i<; apparcntl\ due to -iulfor 
amides There were three sternal punctures in 9 da\s The hrst showed h\ poplasia 
with predominance of hmphoates The second showed h\pcrplasia of tounc 
mseloid cells, and no granulocstes were present in the peripheral blood at this 
lime The third rexealcd normal marrow with slight micloid hipcrplasia arJ 
the peripheral blood showed a leukcraoid picture with 3^ per cent immature while 
cells The results agree w ith those of Plum 
The mechanism of dctclopment of agranuloci tosis in thiouracil intoxication is 
a matter of great interest Losses and Gargill'- renewed the earlier cases of the 
use of thiouracil, including S cases of agranulocx tosis and 47 cases of leukopenia, 
and stated that see ere or fatal reactions have occurred at dosage levels rancinc 
from o 1 to E o grams dailv after 6 davs to S months Thev concluded chat the 
evidence is adequate that the dosage-time factor is not a controlling influence in 
the etiologv of thiouracil neutropenia and agranulocx tosis \ an Winkle et al ' 
in reviewing 3745 cases felt that these two complications were related to the 
duration of treatment but not to dosage Over one-half of their cases of agranulo- 
cv tosis occurred in the first month In Moore s 1091 casc^* he found the greatest 
likelihood of agranulocx tosis was from the ath to the Sth week, although the 


Tcble I — In,tJ rur cf -Itrjr-Vo esti jrJ Lt^kjptrrj tr Tf-r 
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onset might take place at anv time from 1 to 56 weeks W osika and Draun re 
viewed 9 cases of thiouracil-induced agranulocx tosis and found 6 were in patients 
over 50 vears of age (a. of unspecified age'' 

Hv perscnsitiv itv is considered an important ctiologic factor b\ manv Fish 
berg et al “ and others have quoted cases in v hich, after recoverv from agranulo- 
cv tosis, a few doses of thiouracil produced a noticeable reduction in the granulo- 
evte count Some authors believed that their patients might become dcscnsitizcJ 
Thus, in nearlv one-half the cases of leukopenia reported bv \ an Winkle' in v hich 
the drug vv as continued the blood count returned to normal A few cases of acranu 
locv tosis occurred in patients who had had previous courses of thiouracil 4 " 
and la, our czsc'' and in at least one case the patient had thiouracil v ithoui ill 
effects after recovering from agranulocx tosis 

E)estruction of mature granulocvtes is a possible mechanism for the p'oduction 
of agranulocx tosis In the case of Gargill and Lesses (table a ro i'' the marro 
at autopsv also showed large numbers of disintegratinc forms The case of Lozin'ki 
et al (table a, no a9' showed adult neutrophils in the lungs and necro ic tissc. 

of the neck at autopsv 16 dav s after the onset of agranulocx tosis 

The granulocvtes are the elements chicflv affected bv ch10ura1.1l In t . 191- 
cases in the literature reference is made to onlv _ cases of anemia an to 5 cas. 
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Table i , — KtfcrtcJ Cjsts oj itrjrdr irnis jflir 1 1 icurjcil ftr Tl irclri\ttcsii 


\ulli ir I)c criptinn of Ilonc 
Matrn" 


I Astwood'V *' 

M 

37 

\ 


- Barr ct al * 

F 

57 

\ 

On 7th dav of agran most 





cells premv does tes with 


1 



manv mvcioblasts Onlv one 





P M N’ cell seen 

3 Barr ct al 

; M 

16 

\ 


4- Cantor ct al ‘ 

F 

55 

\ 


5 Drcnncn** " 



\ 


f Ferrer ct al 

' M 

70 

\ 

At autopsv mod hv poplasia 


1 



granulocv tic cells Dcf deer 





in mature P M N leuko- 





cv tes 

7 Fishberg ct al » “ 

F 

5 ° 

X 

Maturation arrest in granulo 





c\ tes 

8 Fishberg ct al 



X 


9 Fishberg et al 



X 


10 Fishberg ct al 



X 


D Fishberg et al 

M 

18 

X 


11 Gabnlove et al * 

F 

47 

X 

(Detailed hgures reported 





Author s interpretation not 




1 

stated ) 

'3 Gabnlove etal 

F 

50 

X 1 


M Gabnlove etal 

F 

43 

X i 


^5 Gabnlove et al 

1 M 

58 

X 1 

1 

1 

16 Gabnlove et al 

1 M 

53 


1 

I 

‘7 Gabnlove etal 

F 

' 2-9 

' X 1 

1 

'8 Gargill et al " " 

' F 

, 56 

1 X 

1 and and 4th dav of agran 


19 Griingcr ct al ” 
^ Haler" 
Himsworth" 


Himsworth 
^3 Kahn et al >' 


M Lahc) ct al ' 
^5 Lahc) ct al 
Lahej ct al 
^7 Lahc) ct al 
Linscll’* 


hypoplastic matron with 
granulocs tic aplasia At au- 
topsy extensile granulo- 
cy tic hy poplasia 


At onset agran only a few 
pnmmse cells 6 days later, 
Mgorous activity and ma- 
ture cells 

At autopsv cells of granulo- 
poietic senes greatly re- 
duced in number 


Marked hypoplasia with ar- 
rest of granulocync ele 
ments at mvelocyte stage 
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Tadle 2. — Concludtd 


Author 

PaticnU 

Rcco\ 

Died 

Author t Description of fl'^ne 
Marrow 

Scr 

Ape 

Apron 

Vgran 

=■9 

Lozinski ct a] 

F 

49 


X 

At autopss msclocs tc arrett 

3 ° 

McGavocL ct al 

F 

50 

\ 


Deer in mscloid senes 

31 

Meter, A H * 

M 

4 ° 

X 



32 - 

Pearson** 

F 

3®- 

\ 



33 

Rothendlcr ct al * 

F 

5®- 

X 



3-4 

Rubinstein ‘ 

F 

47 

\ 


Deer total mtcloid cell count 






and arrest of maturation of 
m>cIoid senes 


35 

Simpson®* 



X 



3^ 

Trasoff ct al ® 

M 

34 


\ 

At autops\ mod htpoplasia 







with marked deer in mtc 
loid elements 

37 

Ts son ct al * 

F 

49 


X 

Hspoplastic Disappearance of 






all mature and most of im 
mature granulocMcs \t 
autops) similar 


38 

T) son ct al 

F 

59 


X 

3 m)cloblasts i prcm)clociic 





No older granulocMcs 

39 

T\ son ct al 

F 

47 


\ 

Marked deer in m)cloul cells 





No mature granuloc)tcs 


T) son ct al 

F 

3®- 


X 


41 

Williams ct al ’ ” ” 

F 


X 



42 - 

43 

Williams ct al 

Wosika ct al ” 

F 

50 

X 

X 

Fes\ premveloc) tes and mselo- 





C)tcs No mature granulo- 







C) tes 

44 

Our panentt 

F 

xo 

X 


(To be desenbed below ) 


Totals 



®-9 

1 '5 



* These eases also reported b\ T\son ct al ** i.Mth other eases 
t PrcMousU reported b\ Cams and Poser” 


of purpura or of thrombopcnia,'’ ’’ and some of these were regarded as unrelated 
to the therap) Williams showed that the bone marrow takes out a rclatnel) 
high concentration of thiouracil ” ''® Palmer” gave large doses of thiouraci to 
patients dj ing of nonthj roid conditions and found high concentration o t louraci 
in the adrenals, bone marrow, and pituitar} gland at autops) Fishbag an 
Vorzimer,' howeser, were unable to demonstrate thiouracil in the bone marroi 
aspirate of a ease of agranulocytosis which recovered This may have been uc 
to Its rapid excretion^”, the exact time relations are not stated Warren stu le 
the respiratory metabolism of rabbit femoral marrow and exudates m it!ro an 
concluded that levels of thiouracil comparable to those in the bone marrov 
patients on therapeutic doses induce a small but significant inhibition o respira 
of rabbit bone marrow cells m titro, the effect on the myeloid elements an cs^^ 

ciallv on the immature mv eloid cells being more striking than on ot ers 
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to oppose the action of thiouncil \\ itli p\ ndoxinc were unsuccessful Cantor and 
Scott* suggest that p\rido\mc ma\ procc to he tlic qranulocs tc maturation factor 
Fishberg and Vorzimcr'’ postulated that p\rido\inc, because it caused such rapid 
improvement in their eases, must act on the meclianism of release of granulocs tes 
rather than on their maturation Pasclil is et ai showed that o ooi M solution 
of thiouracil inhibits significanth the c\ tochrome o\idasc actiMtv of thsroid 
tissue ;« v:tro, but that this en7\ matic actnits of hone marrow could not be in- 
hibited m utTo bs o ooi to o oi M concentration of thiouraeil The nature of this 
protectne mechanism is unknown, but some work tends to show that this protec- 
tion can be o\ creome b) higher concentrations of thiouracil, thus again raising 
the question of the importance of the dosage-time factor in dc\ clopment of agranu- 
loc)tosis Reveno^’ records a case of a patient who had received thiouracil for 
381 dajs and suddcnlj died of cerebral hemorrhage The bone marrow at post- 
mortem was h) picrplastic for an individual of this age (female, 74^, but no 
other details arc given 

effect or Tin ROTOMCOSIS os BLOOD PICTURE 

The literature regarding the effect of thvrotosicosis itself on the blood picture 
Was reviewed rather cxtcnsivel) in 1932. bj McCullagh and Dunlap,'*’ again in 
the same jear b) Hertz and Lerman,^** and in 1940 b) Woodruff* Plummer ’ in 
1919 studied 578 cases and rcpiortcd an average Icukocj tc count of 6,793 

He felt that the blood picture was of little aid in diagnosis or for judging 
cseverit) of the disease Menkin*’ •*'' found a relative 1) mphoc) tosis (ov cr 30 per 
tent in 67 of 100 cases) and bcliev^cd it was produced bj vva) of the sjmpathetic 
newous system He demonstrated 1 ) mphoc) tosis in cats under excitement, this 
■ not result if the animal had had a previous s) mpathectom) or splenectomj 
ottlicb s work** tended to show that additional l)mphocytcs might be added 
c blood from the toxic thyroid gland In ii cases studied at operation, the 
average lymphocyte count in the thyroid artery was 44 per cent and in the thyroid 
n 50 per cent McCullagh and Dunlap,'** having studied 12.00 cases, stated that 
’•nial leukocyte count varied more widely in thyrotoxic than in normal pa- 
^ They believed that this was chiefly due to a variation in the numbers of 
diff They found an absolute increase in lymphocytes In averaging X50 

counts they found an absolute increase in lymphocytes, and in 60 p>cr 
rclat^ *^^cs a relative lymphocytosis of 30 per cent They considered the 
mv ^^P^°D^*^osis of diagnostic but not of prognostic value Jones*- found 
th* the marrow of 700 thyrotoxic patients It is said 

Qjjjj,, ^ count and hemoglobin are normal or slightly reduced In 1944 

simil Shrank*’ reported a case of thrombocytopenic purpura and found five 

Litd '"r” literature 

'oicico ' T written as to the effect of iodine on the blood picture in thyro- 
pnmard* while Hertz and Lerman** found changes, 

y a decrease in monocytes 

*^11 ha^T^c''^ study was made on 2.7 patients from the Wisconsin General Hospital 
^ tiitc thyrotoxicosis and, except as mentioned, had no complications 



4^6 iniouRAciL ErrECTS on marrow and rlood 

which might be expected to alter the blood picture One senes (9 patients') re 
cei\ed thiouractl and the control senes (xo patients) reccned iodine A few pi 
tients appear in both series, having been given thiouracil after iodine failed to 
secure a remission Whenever possible observations were made before am treat 
ment was given, but some patients had received iodine some time before entcnni: 
the hospital Our thiouracil scries overlaps that of Girns and Poser ” 

METHODS 

In so far as possible each patient received blood counts and sternal marrow 
stud) before treatment, at the end of the course of thiouracil or iodine, and about 
one week after surger) The hematologic work-up was performed b) the same 
person (E W T ) in all cases The pipets and counting chamber were standardized 
b) the U S Bureau of Standards For both peripheral blood and marrow aspirates, 
cover slip preparations were made and stained with Kingslc) stain The blood 
counts included hematocrit determinations using Wintrobc tubes, reticuloc)tc 


RESULTS 

Table 3 — Pfriph^ral Blood Counts — Normal Ftrjdin^j^ 


1 

Thouwnds 

Lcui.ocj'tts 

Neutro 

Thousands 
Abso ' 
Neutro 

<“0 

Eo5 

B 





Mm 

5 0 

57 0 

3 15 

1 0 

0 0 

2J 0 , 

M 

30 

1 0, 

Mean 

7 0 


4 3 

1 



1 1 



Max 

10 0 

1 1 

57 0 

6 L 

3 ° 

0 73 

33 0 

3 0 

7 0 

' 5 


counts, and a differential count of 500 white cells The number of platelets was 
estimated from study of the stained films and classified as normal, increased, or 
decreased We consider this more reliable than most platelet counts In cases re 
caving thiouracil, blood counts were also performed three times wccl.1) during 
the period of thcrap) 

The standard thiouracil dosage was o z Gm three times a da) Toward the 
end of the course this was changed to o 4 Gm three times a da) m z cases and to 
o I Gm three times a da) in z cases The lodine-trcated cases were given Lugol s 
solution, 5 to 10 drops three times a da) except for z, vvho received 1 minim of 
sodium iodide dail) If previous iodine therap) had ended at least one month 
before our studies, it was assumed there was no residual result on the blood picture 
If the interv al w ere less, this has been noted in tables 4 and 6 presenting our results, 
w here vv c hav c also noted the few cases m which iodine w'as added to the thiouracil 
therapv shortlv before surger) The surgical procedure m each case consisted of a 
one stage subtotal th)Toidectom) Surger) was not done in 3 cases treated with 
thiouracil and in i case prepared with iodine (toxic ps)chosis) 

Control peripheral blood counts in th)rotoxic patients (table 4; as compare 
with normal counts (table 3) show a wider range of values, but the mean count-, 
are comparable in each case except for the percentage of monoc)tcs, v hich is in 



S H SIKKEMA, E W THEWLIS, AND O O MEYER 


417 


Table 4 — PmplicTal BItioJ Counts sn Casts of Thjroloricosts 
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9 Cases after Iodine and Th\ roidectomj 


Min 

7 oi 

5 0 

1 
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5z 6 

I- 4 

06*00(98 08 36'oz 0 deer 
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12. 8 

7 5 
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5 4 
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10 Cases after ThiouraalJ 


Min 1 
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3 6 

31 0 

I 1 1 

0 0 1 

oo!i9o izIz 4 01 0 deer 

Mean 

1-5 9 


7 6 

61 4 

! 4 9 

I 8 

ozz8o|zo 83 051 8 normal 
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II of 

75 4 
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1 1 

3 4 
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5 Cases after Thiouracil and Th) roidcctom) § 


Z5 0 

6 0 

4 7 

62. -L 

I- 9 

0 0 

0 0 

19 Z 1 I z 

6 8 

0 2. 

0 deer 

36 z 

6 8 

8 z 

65 I 

5 3 

0 6 

0 I 

Z4 7 1 z 0 

9 ° 

I I 
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5Z 0 

8 0 

00 

70 4 

6 9 

I 6 

0 7 . 

Z9 4 1 z 7 
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I- 3 
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Abbresiations Da\s PO — da)s postopcratise Abso Ncutr — absolute neutrophil count, 
— eosinophils Bas — basophils Abso L)niph — absolute 1 ) mphocyte count Mono — mono 
cites Retie — reuculocytes 

* File cases had iodine for z to 3 days and z cases had thiouracil for i and z days just before 
these studies 

t These cases showed no apparent infection 

tThis docs not include the agranulocytosis case but does include the panent with severe 
neutropenia Siv cases had prcsious iodine therapy (for 3, 14 60 90 and Z40 days rcspectiveh ) 
in one case ending 15 days before these studies but in all others ending Z4-30 days before them 
Three cases had iodine added just before surgery (for i, 3, and 6 days respeem ely ) 

§Two cases had iodine added to therapy immediately prcoperativcly and rccened it for 7 and 
10 da\s (ending 6 and 7 days before these studies) 


creased, platelets are normal to increased in number Counts after iodine as com- 
pared Vv ith the control obsertiations show a slight decrease in monocyte percentage, 
but not back to the normal level, platelets have returned to normal After 
thiouracil there is no apparent change from the control counts, except that the 
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Table 5 — Sternal Mamw SraJiej XcrmaJ J 
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Table 6 — Sternal Marraie Studies in Cases ej Thjretevictsis 
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41 I 
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14 0 
19 X 
18 X 

1 4 

2 - 4 

3 8 

'll 0 

'iS 6 

4 1 
13 0 
13 0 
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Abbrciianons as in tables 3 and 4, Meta- — metam^elocj tes, M)clo msclocjtes of all t)pc' 
including preni) cloc) tes also in table 4, Prenjj — prcni)tloc>tcs, Normo normoblasts Misc 
miscellaneous types of cells, including large )oung, endothelial pathological, pnmitisc p asma 


disintegraung and unclassified cells 
* }: As in tables 3 and 4. 

t The next shortest interval after surger) ssas 5 days 
§ This IS the case of severe neutropema to be discussed later 

platelets have returned to normal The two groups of postopcrarisc studies sh 
similar changes when compared with the appropriate preoperatne counts a $ 
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increase m leukocyte count, in relative and total neutrophil count, and in reticulo- 
cytes, lymphocytes show a slight relative decrease Platelets are again normal to 
increased These are the findings commonly described after surgery of any type 
The increase in reticulocyte count after thiouracil and surgery is greater than the 
increase after iodine and surgery, and this difference may be a significant one 
The results of the sternal marrow studies are presented in table 6 Our control 
counts are dissimilar in some ways to the normal values which Wintrobe records 
(see table 5) However, it is well known that a variety of methods are employed 
in sternal marrow studies and that results vary widely It is not likely that this 
IS a profitable comparison The counts after iodine are similar to the control counts 
After thiouracil there tends to be a slight increase in neutrophils and slight de- 
crease in myelocytes as compared with control counts This is probably not signifi- 
cant The postsurgical counts show no marked changes The two groups (each 
compared with the appropriate presurgical group) show decrease in lymphocytes 
and increase in leukocytes (adult or young) These are similar to the changes 
already described in the peripheral blood after operation 

As already mentioned, patients receiving thiouracil had blood counts three 
times a week The counts after thiouracil reported in table 4 include only those 
done at the end of therapy A review of the additional counts (except for the 
two severe reactions with case reports below) shows that in 5 of 7 cases nothing 
unusual appeared in these counts, and specifically the leukocytes did not fall as 
low as 5 ,000 In I case a single leukocyte count was 4,800 (with -jx per cent neutro- 
phils) but thiouracil was continued and no symptoms or further leukopenia devel- 
oped In one woman of 56 the admission count was 5,550 leukocytes with 39 per 
cent neutrophils, and the sternal puncture showed 30 o per cent neutrophils 
Thiouracil was then given for 9 days with white counts ranging from 3,300 to 
5,2.00, with neutrophils from e 8 8 to 39 e per cent Sternal puncture at the end of 
this time showed 30 4 per cent neutrophils, the lowest of that group in table 4 
She had no unusual symptoms Thiouracil was stopped because of the persistent 
moderate leukopenia and neutropenia, and Lugol s solution was used for xo days 
The white counts continued to vary from 3,700 to 6,100, with neutrophils from 
E9 4 to 41 o per cent The counts arc similar before treatment, after thiouracil, and 
after iodine and therefore cannot be regarded as the result of the thiouracil 

Reviewing all counts on thiouracil-treated patients with special attention to 
the hemoglobin and erythrocyte counts, we found that 7 of 9 patients had higher 
hemoglobin and 5 of 9 patients had increased red cell counts after thiouracil The 
changes in cither direction were slight No cases of anemia developed One case 
of anemia of unknown cause was present at admission and unchanged dunng 
thiouracil administration 

In our small thiouracil senes of 9 patients, i case of agranulocytosis and i case 
of severe neutropenia occurred Following is the report of the case of agranulo- 
C) tosis 

E \V , a xo)car old woman, was admitted to the Wisconsin General Hospital on 8-X-44 with history 
and findings of th)rotoxicosis of the Graves t)'pc which began one and one half years before and was 
obMousl} setere at admission Presious treatment had included iodine for 1-3 months beginning June 
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1943 and again from 3-19-44 to 3-30-44 with thiouracil o ^ Gm three nme^ a Jai from j- < 
lunfiL' 'll I becau^ of .oc.al problems She did not reconsnlt her phisKun nm'l 

before alil'o" ^ "" 

=‘"‘1 ™o°'b and the classical findings ofseiere thsrotosiso is were rres n, 
The basal metabolic rate was +9. at admission The pt.ent was about 7 months pregnant TbLe was 
no apparent response to the administration of . miniirs of sodium iodide twice dads fo iS dass On 



Augustza 19-^ thiouracil o 1 Gm esers eight hours was b-gun Basal metabolic rat ' saricJ horn 
to -t-iL5 On September a thiouracil dosage ssas adsanced to o 4 Gm esen eight ho its ' 

premature delisers of a healths male child occurred on September 7 1944 Beginning ab lut ^^p ri r 
zo It was obsersed that the leukocs te count which had peuousli b*cn 6 000 o' , 

about 5 000 but the neutrophil count continued to be slightli aboie 50 per cent as it ha en to 


beginning fsre fig 1) 

On October 13 after the prcsious borderline counts JeuLocste' s ere i feo 

phils There were no ssmptom- of agranulocstosis until thefollos ing mo-ning 


ith if rir Cl 

h-rsh'haJat'rp-tj 
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turc oi IO^ degrees and her throat was sore, edematous, and red Tliiouracil had been stopped on October 
13 and the following treatment started (Opcmcillin i5,coounits esen ^ hours mtramuscularl>,(a)folic 


Table 7 — Stimal Punctures tn Case of Aj^ranuIoQtosts 



Table 8 — Case of Serere Neutropenia from Tbtouracfl 


Date 1945 

Treatment 

rhousands 

Leuko 

Ncutro 

% 

£05 

Conmicnl 

5-11 


10 7 

81 8 

0 L 

Sternal Puncture ^ i 

5-11 





Thrombophlebitis diagnosed 






T loi 9 

5-ig 

T U 0 1 Gm tid started 





5-17 


7 9 

66 0 

CO 


5-ij 


4 3 

43 0 

3 6 

Afebnlc from here on 

5 - 2-3 


8 0 

53 8 

4 4 


5 - 2-5 


6 6 

59 2. 

3 2. 


5-18 


5 <2 

00 

0 

3 8 


5-31 

T U stopped 

3 0 

54 0 

3 2. 

Abd pain and xomiung No 






feser Throat negauxe 

6-1 


4 8 

42 4 

L 0 


6-4 


CO 

49 4 

2. 8 


g-6 

T U 0 I Gm bid started 





6-8 


3 9 

41 8 

6 L 


6-II 


4 7 

44 8 

3 4 


6— IL 
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Sternal puncture 2_ 

6-14 

Thsroidectom) TU 




Surget) without inadent No 


stopped 




fe\er 

6-15 





T 101.4 

6-17 





T 104 _ 

6—18 

Peniallin lo 000 U a 3 

2 7 

0 

00 


T 103 1 


i hrs Pentnucleoudc 10 






cc IM bid started 5C0 






CC hole blood I V 





6-19 

500 cc whole blood I V 

4 8 

41 0 


T loi 

6-lo 

Pentnucleotide stopped 

4 7 

61 1 

0 0 

T too 1 

6-13 

1 Pcniallin stopped 




Afcbnle from 6-11 

6-15 

6-16 

1 

4 9 

64 0 


Sternal puncture H 3 

6-30 

! 

6 7 

67 0 


Condmon satisfactory Dis- 

— 

1 

1 



charged 


acid 4 capsules Ine times a das (3) crude liter extract g units daih intramuscularl) (4) pentnucleotide 
ao cc intramu cularh twice a dat , and (5) two 130 cc transfusions of fresh whole blood The folic aad 
was later stopped because of nausea and was replaced bt tellow bone marrow extract 4 cc three times 
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daily orally She continocd csscntiall) xMthout ncatrophils until October 13 when she had t adult form 
and 5 young forms Her further recover} from the agranulocj tosis is best seen m fig i The clinical course 
from October 14 on showed temperature of 104-105 degrees, pulse 140-160 and the throat continued 
edematous and the gums fien ted with some areas of ulceration 

By October z} 1944, the agranulocs tosis was apprcntly cured but the thyroid toxicit) became a 
major problem On October z6 and October zy she was given x raj therapj (loo r) to the thjToid gland 
Bj October zy tbe signs of thyroid crisis were definite temperature toy degrees (rectall)) pulse irregular 
rate 160 diarrhea She ssas treated with intrasenous The\’etin“ and general supportue measures but 
the pulse reached as high as Z30 and she died on October z8 1944 

At autops) y hours after death the microscopic cvamination showed mjelocj tic hyperplasia of the 
vertebral bone marrosv and an aplastic femoral marrow Sternal marrow studies were done svith technic 
similar to that m previous examinations (see table y) This case has been preiiouslj reported bi Cams 
and Poser ” 

The following case report illustrates severe neutropenia following thiouracil 
therapy 

E B a 54 year old Italian woman was admitted on May 9 1945 with a i year history typical for 
thyrotoxicosis She had received Lugol s solution to drops three times a daj , for 8 months, up to the 
time of admission Physical findings were those of a thyrotoxic mdividual with a nodular goiter with 
arteriosclerotic and hypertensive heart disease with cardiac enlargement, auricular fibrillation and 
functional capacity II Admission basal metabolic rate was +y6 undoubtedly inaccurate because of 


Table 9 — Sternal Punctures in Case ef Severe Pletrtrvpenia 
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language difhculties and the ptient s apprehension Blood count on 5~ii“45 showed 14 0 grams hemo- 
globin 4 900 000 red blood cells, 10 yoo white cells with 81 8 per cent neutrophils 

The progress of the case is seen by reference to table 8 The sternal puncture findings arc in table 9 
The second sternal puncture was done routmely at the end of thiouracil therapy and not because the 
patient had any new signs or symptoms It shows a decrease in young and adult members o( the granulo- 
cyte series with return to normal m the third sternal puncture 


DISCUSSION 

Wc have demonstrated no signihcant changes which occur regularly in the blood 
or marrow of patients receiving thiouracil In certain relatively unprediaablc 
cases leukopenia or agranulocytosis occurs It is probably significant that our 
z cases of severe reaction followed periods of borderline leukopenia Although 
many patients with such counts do not progress to a serious reaction wc believe 
It advisable for all patients to have leukocyte and differential counts three times 
weekly during the entire course of thiouracil administration regardless o us 
duration, and to have these counts repeated daily if values arc border me or 
symptoms develop 

Analysis of the blood and marrow findings in our x cases of severe rcactio^^ 
shows they are consistent with the senes of events described by Dames e , 
Plum’^*' and Braun In our case of agranulocytosis the blood and marrow stu ics 
were normal at the beginning of thiouracil treatment On the day 
toms the patient had 1,600 leukocytes with 16 per cent neutrophils, and on tiic 
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first day of symptoms the marrow showed a complete absence of young and adult 
neutrophils (as was the case in the peripheral blood) It is impossible to state 
whether the 9 i per cent blasts were chiefly myeloblasts or lymphoblasts In the 
first few days of beginning recovery, the peripheral blood showed more young 
than adult neutrophils Terminally she had 16,000 leukocytes with 78 5 per cent 
total neutrophils, and the final marrow examination (14 days after the previous 
one) revealed a reduction of the percentage of blasts to the normal range, but the 
increase then was chiefly in the myelocytes and metamyelocytes with only a slight 
return of the adult neutrophils by that date 

In the case with neutropenia, the original blood and marrow observations were 
within normal range The second marrow study was done 3 days before fever 
began — the first clinical indication which was probably dependent upon the 
neutropema The marrow showed definite reduction in myelocytes, and the meta- 
myelocytes were few By the time of the third sternal puncture, the patient had 
recovered clinically and the values were back to normal In both cases the sequence 
of events is more readily correlated with the concepts of Dameshek®’’ than with 
the relatively prevalent idea of maturation arrest at the myelocyte stage 
Our cases do not add much to the understanding of the mechanism of develop- 
ment of agranulocytosis In our case with agranulocytosis we cannot rule out the 
possible importance of the dosagc-time factor, hypersensitivity seems quite un- 
likely In the case with neutropenia the reverse is true (note eosinophil column 
in table 8) It may be that all cases do not develop by the same mechanism 
Our scries is too small for definite conclusions, but in some respects the results 
tend to confirm previous observations of others, such as the following Thiouracil 
affects chiefly the neutrophils and particularly the younger ones Agranulocytosis 
begins with alarming suddenness The leukocyte and neutrophil counts vary more 
widely in thyrotoxic patients than in normal people When thyrotoxicosis is 
treated with iodine the chief change in the blood picture is a reduction in the per- 
centage of monocytes We do not know of previous reports of the effect of iodine 
on the bone marrow We found no changes attributable to this treatment 
A word might be said about the incidence and mortality of agranulocytosis from 
thiouracil A 2. per cent incidence of this complication with about 15 per cent 
mortality means 1 death in each zoo cases treated It is possible that this figure may 
be reduced with the use of penicillin^'* -* and possibly pyridoxine ’’ ® * 

CONCLUSIONS 

I Serial sternal marrow and blood studies fail to show any regularly occurring 
changes after thiouracil therapy Changes are seen only in the few relatively un- 
predictable cases in which leukopenia or agranulocytosis develops 

1 A review of the literature indicates that the incidence of agranulocytosis 
after thiouracil is about z per cent and its mortality about Z5 per cent with present 
forms of treatment 

3 Our studies support the view that agranulocytosis from thiouracil consists 
of an extreme reduction of granulocyte precursors and later of the more mature 

E B Astwood and W' P "Van dcr Laan of Boston (personal communication) have treated 130 
consccuine cases of hvperthjToidism with frofyl thiouracil and have noted no reactions of a een- 
cral or hematologic tvpe —Editor 
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forms with recover)' m the same order The) do not support the concept of mat- 
uration arrest at the m) eloq'te stage 

4 Possible mechanisms for the development of agranuloc)'tosis after thiouractl 
are discussed 

5 The effects of thyrotoxicosis itself on the blood and marrow are retiewed 

6 Two case reports are presented of severe reactions to thiouracil one of 
agranulocytosis and one of severe neutropenia 

7 Pauents receiving thiouracil should have frequent leuhoc) te and differential 
counts It IS recommended that these be performed at least three times weekl) and 
dally if the leukocytic values arc suggc;>tivc of granulocytopenia 
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THE EFFECT OF THIOURACIL ON LEUKEMIA* 


Bj Lodis R Limarzi, M D , Richard J Kdxasavage, M D , avd 
Conrad L Pirani, M D 

O NE of the toxic reactions of therapeutic doses of thiouracilf in the treatment 
of hyperthyroidism is the development of granuloc) topenia A nonfatal 
granulocytopenia and a fatal tj pe of agranulocj tosis have been reported The 
selective action of thiouracil on the granulopoicuc tissue is the basis for the present 
evaluation of the drug in the treatment of leukemia 
The 6 cases studied included 4 of chronic myeloid leukemia, i of chronic hm- 
phatic leukemia, and i of acute mjcloid leukemia 

Hematologic surveys, including sternal marrow examination, were made in each 
case prior to and at frequent intervals dunng and after the administrauon of 
thiouracil The method used for obtaining and studying the marrow is described 
by Limarzi ' The basal metabolic rate and certam blood chemical constituents 
including uric acid and cholesterol were determined before, during, and following 
treatment with thiouracil Creatine balance studies were earned out in i case of 
acute myeloid leukemia dunng the administration of the drug 

It will be noted in table i that the total amount of thiouracil given vaned from 
I 6 Gm administered over a period of 8 days to xyq Gm administered in graduall) 
increasing doses over a period of 3 months The average dail) dose ranged from 
o 2. Gm to 3 o Gm Thiouracil was without effect on the basal metabolic rate, 
and the blood chemical findings were not appreaably changed except in case 5 
In the patient (case 5) with chronic myeloid leukemia, who developed an cxneme 
neutropenic leukopenia following treatment with thiouracil, the blood uric acid 
gradually rose to ii 4 mg per 100 cc of blood prior to death 

The blood picture and bone marrow (table z), except in case 5, failed to show 
any marked change after the admimstration of thiouracil 

In a 7 year old boy (case with acute myeloid leukemia who received ap- 
proximately o 3 Gm of thiouracil daily for a period of i month, there were no 
changes either in the blood picture or the creatine metabolism 

A case of chrome myeloid leukemia with specific cutaneous lesions (case x) 
received a daily dose of o x Gm of thiouracil for a period of 8 da} s The rapid 
terminal phase with an acute blood pattern ( hiatus IcuLemicus ) ssas similar 

From the Department of Internal Medicine and the Department of Pathology Umversitj of Illinois 
College of Medicine Chicago, Illinois 

* Paper read before the Central Society for Ginical Research in Chicago November x, 1545 Cn 
stracted in the Proceedmgs of the Central Society for ainical Research rJ iS [November x] 1945 ) 
These studies were made possible in part through a grant from Armour and Compans, Chicago 
Illmois 

t The thiouracil was supplied through the courtesv of Dr George R Haiti of the Abbott 
tones North Chicago, Illinois 

J This case was studied bj Dr H G Ponchcr of the Department of Pediatncs 

4x6 
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CO that observed by Paul and Limarzi* in a case of myeloid leukemia which had 
not received thiouracil At autopsy the hemopoietic, as well as the other organs, 
showed a general infiltration of tissue by myelogenous cells of all types There was 
no morphologic thyroid hyperplasia 

A woman with chronic myeloid leukemia (case 3) was given thiouracil in dosage 
of I 7 Gm dally for ii days The drug was well tolerated Shortly after the drug 
was discontinued, the patient developed some gingival oozing of blood The oral 
bleeding increased with the addition of retinal and conjunctival hemorrhages 
Examination of the blood revealed a marked reduction in the platelet count and 
an maeased bleeding time The bleeding continued and the patient died following 


Table j — Casts oj Ixsthmsa Tnattd tittb Thtouracsl 







Blood 


Sex and Age 

Type of Lcukeima 

Total 

Amount 

of 

Thio- 

urscil 

Da>5 

on 

Thio- 

Average 

Dail> 

1 Dose 

Chemisto 

(mg per 100 
cc of blood) 

Basal Metabolic 
Rate 



uracil 

Thio- 

uraal 

CTnc 

Acid 

1 

les- 

terol 




Gjii 


Gm 




Case I 

Male 7 )TS 

Acute myeloid 

1 

10 0 

30 

1 

0 33 

3 9 

1 

157 

1 

+ 1-L 






3 3 

167 

+8 

Case L 

Female, 46 yrs 

Chronic myeloid (with 

I 6 

8 

0 z. 

I 9 

13a 

+56 


specific cutaneous 
lesions) 




4 8 

1 

160 

+36 

Case 3 1 

Female, 13 yrs 

Case 4 

Chronic myeloid 

18 8 

11 

1 7 

I 8 

1 

190 

+ 2-9 

Male, 2.5 yrs 

Chronic myeloid 

80 0 

100 

0 8 

3 8 


+2.3 






4 o 

zoo 


Case 5 

Female, 50 yrs 

1 

Chronic mjcloid 

1 

X74 0 

90 

3 ° 

3 9 


+44 to +77 






II 4 

rx4 

+36 

Case 6 







Male, 53 yrs 

Chronic lymphauc 

60 0 

75 

0 9 

4 I 


+33 






4 6 


+ 10 


a cerebral hemorrhage This patient s white cell count fluctuated from day to day 
during the administration of thiouracil, and 48 hours prior to death the white 
cell count was estimated at 510,000 The blood and bone marrow examination 
failed to show any morphologic changes of the granulopoietic elements that could 
be attributed to the toxic effect of the drug It is well known that the leukocyte 
count in cases of leukemia is subject to daily fluctuation* and a marked increase 
in the white cell count at the time of death is known to occur in leukemia For 
this reason it is difficult to say to what extent the drug affected the case studied 
A case of chronic myeloid leukemia m a 15 year old male (case 4) with a white 
cell count of 370,000 was first given a senes of roentgen treatments over the spleen 
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The leukocyte count gradually dropped to iz.ioo, the splenomegal) disappeared, 
and the clinical condition became improved The differential blood smear revealed 


Table 3 — Leukocyte and Differential Bhod Counts in a Case of Myeloid Leukemia Who Kecened 3 oOm 

of Tbiouracil Daily 
Percentage 
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440,000 
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1 
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Thiouracil started 
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0 


3-11 
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6 0 

55 

0 

60 0 

0 0 

I 

0 

0 

0 

^9 

0 

First con^ulslon 

8-5 
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a moderate myeloid immaturit)' with an increase in the basophils (8 o per cent) 
and monocjtes (18 o per cent), and the bone marrow showed moderate myeloid 
h) pcrplasia During the remission of the leukemic process Fowler s solution 
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(liquor potassii arscnitis) was begun and the dosage was gradually increased until 
the patient was taking 15 minims three times a day The leukocyte count fluctuated 
between 11, zoo and 60,000 Thiouracil o 8 Gm daily was begun when the white 
cell count increased to 50,000 and the drug was continued for about 3 months 
While the patient was receiving thiouracil the leukocyte count gradually in- 
creased to 300,000 and the spleen became palpable and gradually increased in size 
The leukemic symptoms reappeared The drug was then discontinued Neither the 
blood nor bone marrow pattern was affected by thiouracil (table z) 

A man with chronic lymphatic leukemia (case 6) who was under observation 
for about one year was given thiouraal o 5 Gm daily for about 75 days No 
significant change was produced in the blood or bone marrow Several months 
after discontinuing the drug he developed a deep and ulcerating lesion on the left 
posterior faucial pillar and complete bilateral deafness The leukocyte count 
reached a peak of z6o,ooo Because of the generalized lymph adenopathy and 
splenomegaly several roentgen ray treatments were administered Following this, 
the white cell count dropped to 60,000 and the lymph nodes and spleen decreased 
in size The ulcerating oral lesion and deafness remained unchanged The patient 
died in another hospital and no autopsy was obtained There is no definite evi- 
dence to suggest that the thiouracil was the contributing factor in producing the 
ulcerating oral lesions or deafness in this case of lymphatic leukemia The interval 
of several months from the time the thiouracil was discontinued speaks more for 
an exacerbation of the leukemic process 
In a fourth case of chronic myeloid leukemia (case 5) with a leukocyte count 
of 440,000 a daily dosage of 3 o Gm was followed by an extreme leukopenia and 
unusual changes in the hemopoietic tissues This case is reported in detail 

CASE REPORT (case 5) 

H W , a Negro housewife 50 )ears of age, was adimeted to the hospital on February x 1945, with 
the complaints of prommence of the left upper abdomen, purple spots appearing on her extremities, loss 
of 15 pounds in weight and pains in her legs and arms She had been well unul March 1944, when she 
began to have aches in her thighs About 3 weeks later elevated purple spots appeared on her legs, and 
continued to appear and leave In the following summer she nouced abdominal fullness and enlargement, 
especially in the left upper quadrant By the time of admission she had lost 13 pounds, although her 
appeate was good 

The past history was esscnually negaavc 

Physical examination revealed a svell-devclopcd, well nourished, Negro female not in any apparent 
distress Ophthalmoscopic examination revealed a small hemoahage with a white center in each eye 
Anterior and posterior cervical axillary, and inguinal lymph nodes were enlarged and palpable The 
abdomen was rounded and prommenr ro the left, where the spleen could be palpated extending from the 
costal margm to the iliac crest, and from the left flank to the nght of the umbilicus It was firm and 
movable The liver was not palpable Raised purpuric areas, as much as 7 centimeters in diameter were 
present on rhe thighs and right calf The temperature was 97 6” F the pulse 78, respirations xo The 
weight was 1x5 pounds the height 66 inches The blood pressure was 110/76 

The urine had a speafic gravity of i 0x0 and contained a trace of albumin and a few epithehal cells 
On admission the hemoglobin was 10 grams, red count 4,000,000 per cu mm , and hematocrit 31 per 
cent The leukocytes numbered 450 000 per cu mm , with i per cent myeloblasts, i per cent premjelo- 
cytes 39 per cent neutrophilic myelocytes yx per cent neutrophilic metamyeloC 3 te 5 x per cent basophils, 
X per cent lymphocjtes, 7 per cent eosinophils, x per cent stabs, ix per cent polymorphonuclear neu 
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trophils and X per cent monoc) tcs The Was'crmann and Kahn tests were negati\e Fasting blood glucose 
was fig mg , nonprotein nitrogen go mg per ico cc Standard urea clearance was 34 cc per minute 
Serum albumin was 3 S per cent scrum globulin 1 g per cent, and blood uric acid x g mg per too cc The 
basal meubolic rate was plus 44 per cent An x ra\ of the chest showed elcsation of both diaphragms, 
but normal heart and lungs 

Administration of thiouracil was begun on February 7, iggg i o gram three times dail) 



Fig I [^Peripheral Blood Showing Chronic Myeloid Pattern before Thiouracil ADStiNimiATiON 

The temperature rose to 103 5° cm Februarj 14 and continued to be clcsated Thiouracil was stopped, 
but no effect on the feser was noted A blood culture showed no growth The drug was resumed 3 days 
after it had been withdrasvn and the temperature gradually returned to normal on February xx. 

The hemoglobin gradually dropped to 7 grams with a red blood count of x,5xo 000 This anemia was 
treated with transfusions to the total amount of 4 5 liters of cicrated blood The hemoglobin at the 
time of discharge was 136 grams Headache and muscular pains were treated with tablets of aspirin 
Phcnacctm and caffeine as needed, to the amount of 100 grains Two grains of codeine were also ad- 
ministered The basal metabolic rate was inconstant plus 44 per cent, plus 33 per cent, plus 54 per cent, 
plus 41 per cent, and at the time of discharge plus 77 per cent The nonprotcin nitrogen rose to 55 and 
61 7 mg per itxi cc and then declined to 56 The total white count fell to 180 000 by February x6 but 
rose to 360 000 by the end of March 
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The patient was discharged to the outpatient department on April 14, 1945, “"'i returned to the 
hospital on Maj 8, 1945 During the inters al she continued the thiouracil as before i o gram three 
times daiJ^ 

On final admission the patient ssas much weaker and had lost another 13 pounds m s\ eight The 
temperature was 99 2.°, the pulse 80 respirations 18, ncight tiz pounds The blood pressure was 90/60 
Otherwise no change was noted in the ph)sical examination 



Fio X Bonb Marjiow before TinouRACiL ADkiiNisTjLATioN Sternal Puncture Showing Mteloid 
Hyperplasia and Myeloid Cells in Several Phases of Development 
Note the young megakaryocyte 

The hemoglobin was 13 o grams red cells 4 000 000 white cells 100,000 The uric acid was 3 6 mg 
per 100 cc , and rose terminally to 11 4 mg The blood cholesterol ^vas 1x4 The basal metabolic rate 
was plus 36 per cent Thiouracil was continued at the same dosage as prcviousl) 

Epigastric fullness after meals was treated with tincture of belladonna with some apparent relief 
For vomiting the paaent was given one dose of cocaine i gram oral!) preceded b) 1} grams of sccooaJ 
On Maj 18 the thyroid was biopsicd Thiouracil was stopped on May 15 after the patient had rccciNcd 
a total of X74 grams The microscopic cxammacioa of the biopsicd tissue rcicalcd an edematous stroma 
The acmi were oval or round m shape and \ancd markedly in size The colloid stained unc\xnly and 
poorly There was no c\ idcncc of h> perplasia or neoplasia 
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The anemia required transfusions to the amount of 3 liters The last blood transfusion was giien on 
Maj 18 On Ma) 19 the temperature rose to 101° and it rose to almost the same Icsel on the succeeding 
3 da)S Fluoroscopj of the chest resealed some atelectasis of the right lower lobe The feser subsided 
spontaneous!) The patient had a consulsion on Ma) iq, epileptiform in t)pe, preceded b) insolnntar) 
winking and tremor of e)elids She ssas gnen J gram of phenobarbital three times dail), but another 
consTilsion occurred on Ma) 15 and was treated with intrasenous sodium am)tal 5 grams Although 
the STinking occurred seseral times subsequent!), consulsions were seemingl) presented b) the sub- 
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Fig 3, Peripheral Blood Follosvino Thiouracil Therapy Terminal Blood PicmiRE Shosstng a 
Normal Small Lymphocyte and a Basophil 


cutaneous administration of sodium pbenobarbital i grain at such times, unttl June ii On June ii 
and again on June ii the patient had consnilsions both of sshich sserc treated wnth parenteral barbi- 
turate Because the tssitchings became more diffuse and frequent, dilantin o i gram three times dail), 
ss as started on June 14 An electroencephalogram taken on June 19 shosved no focus of abnormal actis it) 
and no seizure discharges There svas 6-8 per second activit) in all leads with rare bursts of 3-4 per second 
activit) Another cons-ulsion occurred on June 2.5, and again on June i8 and 29 Three cons-ulsions oc 
curred on June 30, one on Jul) i three on Jul) 2 She became disoriented and irrational onjul) 3 and 
had one cons-ulsion During the carl) morning of Jul) 5 she had three consmlsions despite 3 grains of 
parenteral sodium phenobarbital 
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AAhe time of rcadmission the tvhite count was no ooo On May 19 it had fallen to 60000 The 
count of June 8 was 11,700 Bj Julj 3 it had fallen to the minimal level, i 900 

The temperature began to rise on June 18 and reached a maximum of 104° (axillar)) on July 5 At 
no time was there any oral or pharyngeal ulceration, even at the time of exitus 
The paaent died in coma on Jul) 3 



Fio 4 Bone Marrow after Thiooracii, Aoranulocttosis 
Note the hj'perplasia of the myeloblastic tissue 


AUTOPSY 

QPtrtmcnt Fwdwis) 

^ The body was that of a well-developed, fairl) well nourished, Negro woman who had been dead 
about one half hour There were two eccbjunotic areas over the lateral aspect of the left arm 

Fcntmcal Cavity The liver edge extended to approximately 3 lingerbreadths below the costal margin 
on the midclavicular Ime The spleen filled the left upper quadrant, reaching the umbilical Ime The 
mesentcnc and retroperitoneal IjTuph nodes were moderatel) enlarged and rather soft On section the) 
showed yellowish brown surfaces 

Pliural Cantus The lymph nodes in the mediastinum wxre slightly to moderatel) enlarged, having 
an appearance similar to those in the abdomen 



Fig 5 Spleen (Low Powee) 

Note the marked congestion of the pulp and the paucitj of blast cells A follicle in the left lower 
comer presents a large center rsith degenerating reticulum cells 

Ijmgs There were occasional small areas of hemorrhage and atelectasis espeaallj along the ante- 
rior edge 

SfUtn The spleen t\as markedh enlarged and firm It weighed 1150 Gm The external surface was 
smooth, with a small area which contained fibrous tags The cut surface presented a dark red color and 
was rather homogenous The fibrous reticulum appjred slightl) increased Within the gastrosplenic 
ligament were a few nodular srmetures m*asunng up to l cm in diameter which presented on section 
a structure similar to that of the spleen 

Linr The liver was moderatel) enlarged weighing 1060 Gm Numerous enlarged I)-mph nodes were 
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present at the hilus of the Iner On sectioning, these nodes presented )ellot\i$h brown surfaces with 
occasional small hemorrhagic areas 

Adrenals The adrenal glands show ed no gross changes 

Kidneys The nght hidnej weighed 175 and the left 170 Gm The capsules stopped with ease reseahng 
a smooth, red tan surface On section the cortical medullar) markings were distinct and the cortex 
appeared somewhat swollen In one of the p)Tamids of the left kidne) was a small white nodule The 












Fio 6 Spleen (High Po\n"er) 

Abundant granular pigment is clcarl) -visible either free or ^vithm macrophages Practical!) no 

leukemic cells can be seen 


pch 1 C mucosa of both kidnev s presented a few minute hemorrhages Similar hemorrhages were present 
in the upper pornons of both ureters The remaining portions of both ureters and the urinar) bladder 
appeared normal 

'Xhyrotd Part of the right lobe was missing and wh^-t remained of th)roid tissue appeared fibrosed 
The left lobe of the th}TOid was rather small, measuring up to 4 cm in its greatest dimension 

Htad The skull was rather thick The bram wxighcd 13CO Gra and appeared normal on external 
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inspection The dural sinuses ucre free of clots and the accessory sinuses and middle cars shoued no 
gross changes 

Bene Marrou. The marro\> of the sternum, ribs, and ^c^tcbrac in the lumbar region was rather pale 
in color and abundant 



Fig 7 Lymph Node 

There arc numerous pigmented macrophages The sinusoids are dilated and contain numerous 

leukemic cells 

MICROSCOPIC EXAMINATIOV 

(^Fertment Findings) 

Liter The hepatic celL exhibited a moderate degree of cIoud\ suclling Within the periportal spaces 
^’cre small foci of ly mphoc) tes blast cells and mononuclear cells n ith pale \csicular nuclei and distinct 
nucleoli (RE cells) 

S^Utn The architecture ^^as obscured There were numerous hemorrhagic areas throughout the pulp 
''hich was otherwise markedls congested and contained much granular brown pigment There was an 
occasional follicle with degenerating, gcrrainatnc cells (reticulum cells) The pulp contained small foci 
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of jmmatnrc ccJIs and an increased number of rcticulo-cndorhelial cells Section through an accessor) 
spleen revealed a marked h)4)eremia The sinusoids were dilated 

Ljympi NoJes There svas a diffuse h\-peremia and a marked h}-perplasia of the rcticulo-endothelial 
cells Numerous phagocjtes nith broivn pigment nerc present Occasional follicles nere small and com- 
pressed, shovnng degenerauon of the reticulum cells 



Fig S Bone Marrow Shosvino Myeloid Hyeerplaha or Myeloblastic Type 


Bvni Marrow The cells ssere set) numerous rather homogenous in tj’pe, and of the blast type 
Occasional mcgakaiy ocy tes and seseral phagocytic (RE) cells were noted Only occasional pol) 
morphonuclcar leukocy tes were present 

Thjratd The alveoli were large and filled with colloid In one area a marked foreign body reacuon 
was noted around suture material 

Adrenals The cortex presented a few areas in the zona fasciculata where the cells were large swollen, 
and presented a sacuolated cy toplasm 

Hypophysss There s\as a marked hyperemia and occasional foci of blast cells within the capsule 

Sksn There were a few small focal hemorrhages within the derma 

Brain The gross and microscopic cxammation of the brain was conducted by Dr Peraval Bailey 
Except for a few leukemic cells in the vessels no abnormalities were observed 
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The final anatomical diagnoses svere Ci) chronic mjclogenous leukemia with mvolrement of the 
bone raarrois, liver spleen (splcnomegal) ) kidncjs, and l)mph nodes (a) agranulocytosis (toxic), 
(3) multiple petechial hemorrhages of the serosal surfaces, (4) cmaciauon, (5) brown atrophy of the 
heart, (6) multiple small areas of foreign bod) reaction in the lungs, (7) emph)sema of the lungs, mod- 
erate, (8) cloud) swelling of the m)ocardium, liver, and kidne)S, (g) old surgical cervical incisions 
(partial th)roidcctom)), (10) chronic perisalpingitis, right, (ii) multiple accessor) spleens, (11) small 
fibroma of the kidne) 


This case (H W ) is of particular interest from two mam aspects (i) the pos- 
sible effect of thiouracil on the leukemic process, and (i) on the central nervous 
system The typical blood picture of chronic myelogenous leukemia appeared to 
be profoundly modified by thiouracil to the extent that an extreme neutropemc 
leukopenia resulted The terminal blood pattern in this case is not that usually 
seen in either a spontaneous remission or an acute exacerbation of a chronic myeloid 
leukemia, and it differs from that repeatedly observed in remissions induced by 
roentgen-ray treatment or liquor potassii arsenitis (Fowler s solution) The first 
effect of thiouracil in myeloid leukemia, as noted in this case, would appear to 
be a slowing of the rate of proliferation of the granulocytic elements, reflected 
in the peripheral blood by a gradual decrease m the total white blood count but 
with no change in the typical chronic myeloid blood pattern The second result 
of thiouracil might be one of actual granulocytic destruction The gradual disap- 
pearance of the granulocytes from the peripheral blood and the increase in the 
blood uric acid to ii 4 mg support the presence of two independent mechanisms 
m thiouracil leukopenia and neutropenia in leukemia, 1 e (i) an inhibition of 
granulopoiesis, and (i) a destruction of granulocytes At autopsy the spleen was 
found to be markedly enlarged (1x50 Gm ), but microscopically it presented a 
picmre of marked hyperemia of the pulp with only small foci of blast cells, many 
showing atypical nuclei Cells of the granulocytic series were also strikingly absent 
from the bone marrow, lymph nodes, liver, and kidneys All these organs contained 
a moderate number of blast cells and presented a distinct hyperplasia of the reticulo- 
endothelial system The bone marrow, in particular, appeared markedly hyper- 
plastic with the presence of megakaryocytes and a predominance of blast cells 
Erythropoiesis was decreased It is interesting to note that the final difierential 
blood count consisted of 18 per cent myeloblasts, many atypical or toxic forms, 
49 per cent lymphocytes, mostly small types, and 33 per cent basophils, both ma- 
ture and immature forms There was a complete absence of neutrophils and eosino- 
phils in the peripheral blood Apparently, the basophils were resistant to the toxic 
effect of thiouracil The lungs appeared grossly normal but microscopically pre- 
sented a large number of small granulomatous lesions of the foreign body type 
These were explained on the possibility of aspiration of foreign material and prob- 
ably were the cause of an episode of fever associated with pulmonary findings 
about a month before the death of the patient Finall) , the thyroid failed to reveal 
anj change attributable to thiouracil 

The brain on external inspection and on cross section appeared entirely normal 
Microscopically , except for the presence of a few leukemic cells m the lumen of 
the blood vessels, no remarkable changes were noted From the electrocncephalo- 
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gram made after the appearance of the convulsions, which showed no evidence of 
localized damage in accessible parts of the cortex and the lack of any morphologic 
change of note in the brain, it may be assumed that the chnicial evidence of the 
convulsions resulted from the toxic effect of thiouracil on the central nervous 
system In this connection the report of Haines and Keating'* is interesting These 
investigators observed in i patients with severe recurrentcxophthalmicgoiterwho 
were treated with thiouracil, toxic disturbances of the central nervous system 
consisung of myoclonic contractions of various muscles, and at the same time 
severe somnolence and confusion were present Subsequent administration of the 
drug was followed by a resumption of the toxic disturbances of the central nerv- 
ous system 


DISCUSSION 

McGavack, Lombardi, and Schwimmer* gave thiouracil to 78 patients with 
thyrotoxicosis and to 40 individuals without thyroid disease No untoward re- 
sponse of any land was observed in those individuals who did not have thyro- 
toxicosis In those with thyrotoxicosis the toxic or unusual reactions were divided 
into two groups (i) Incidental side effects such as rashes with pruritus, relative 
granulocytopenia, generalized edema or edema of eyes and ankles, diarrhea and 
dryness of the mouth and excessive thirst, these manifestations of a mild nature 
usually disappeared without altering the therapeutic regimen (z) Manifestations 
of a severe nature which necessitated discontinuance of thiouraal and which 
included patients who developed severe febrile reactions with chills, gcncrahzcd 
aching and widespread urticarial skin lesions, and agranulocytosis These investi- 
gators reviewed the literature and found that of approximately 1,500 patients who 
had received thiouracil, 10 (o 40 per cent) had developed agranulocytosis and 4 of 
these (o 16 per cent) died Fishberg and Vorzimer^ noted a definite and sudden 
granulopenia in xo per cent of their patients and suggested the use of pyndoxine, 
vitamin Bj, in prophylactic doses of 150 mg daily by mouth, or xoo mg intra- 
venously where severe drops in the leukocyte count have taken place 

From the hematologic point of view thiouracil produces two types of blood 
and bone marrow patterns' (i) Granulocytopenia in which there is a leukopenia, 
neutropenia, and a monocytosis Here the monocytes appear to have their origin 
from the reticulum The bone marrow is hyperplastic and shows a moderate to 
marked degree of granulopoietic immaturity Immaturity is never carried to the 
stage of myeloblastic involvement Ulcerating lesions of the oral cavit} are not 
observed Following temporary discontinuation of the drug, the blood completcl} 
recovers In fact, there may be a temporary leukocj tosis immediately following 
removal of the drug (x) Agranulocytosis in which there is a severe leukopenia, 
complete absence of granuloc)'tes including eosinophils and basophils Here the 
bone marrow reveals an aplasia of the granulopoietic tissue Erythropoiesis and 
mcgakar)fopoiesis are affected very little There are a few degenerated and atypical 
myeloblasts, a marked lymphocytic reaction and a relative increase in plasma cells 
and reticulo-endothelial elements Pharyngeal ulcerations are frequently observed 
in thiouracil agranulocj'tosis This type of patient usuallj dies in less than one 



L R LlilARZI, R J KXFLASAVAGE, ANTD C L PIRANT 


441 


cck from the first appearance of the ulcerations in the throat and tonsils There 
IS a complete aplasia of the granulopoietic elements in the bone marrow 

The clinical and hematological course follow ed b) patients ho develop thio- 
uracil agranuloc) tosis is similar to that seen in agranulocj tosis due to a number 
of drugs and chemicals ® Plum^ and Rosenthal'® have described in detail the 
pathologic findings in agranuloc) tosis due to chemicals and mam drugs, espcaally 
aminop) nne 

A comparison of the histological findings in cases of agranulocv tosis described 
and illustrated b} Rosenthal and the thiouracil agranuloc) tosis in our case of 
leukemia is interesting He observ ed that in the lung, the alveoli were filled with 
red blood cells, bacteria, some large endothelial cells, and a fet\ hmphoc) tes and 
fibrin There was an absence of granuloc) tes The 1) mph nodes re^ ealed edema 
and marked h)'perplasia of the reticulo-endothelial cells The spleen, which ma) 
be enlarged and resemble the acute splenic tumor of infections, re\ ealed on histo- 
logical examination a defimte h)perplasia of the reticulo-endothelial s)stem 
Plasma cells and 1) mphocj tes ere present, but no granuloc)'tes The bone marrovi 
ma) be aplastic, normal, or h) perplastic Rosenthal has also obsemed a reticulo- 
endothelial type of bone marrow In the aplastic ^-pe there is an absence of granu- 
loc) tes and m) eloblasts with a marked increase in the number of 1) mphoc) res 
which in some instances ma) take a follicular appearance, and a relative plasmo- 
C) tosis A number of invesugators" ha\e obsened marrows in cases of agranulo- 
q tosis with numerous m) eloblasts and a few m) cloq tes and rarel) a fcv. mature 
granuloqtcs Degenerated m) eloblasts have been described b) some tsorkers'- in 
cases of recurrent agranuloqnosis In the reticulo-endothelial t) pc of marrow a 
few m) clocytes and m) eloblasts and a marked h)'perplasia of reticulo-endothelial 
elements arc observed 

In comparison, in our case of leukemia that developed the extreme neutropenic 
Icukopcma, the peribronchial tissue contained a fen small accumulauons of 
1) mphoq tes and epithelioid cells n ith giant cells There n as an absence of leu- 
kemic cell infiltration as commonl) obsem ed in cases of leukemia The architecture 
of the spleen was obscured b) numerous hemorrhagic areas throughout the pulp, 
nhich was otherwise markedl) congested and contained much granular brown 
pigment There was an occasional follicle wnth degenerating germinatnc cells 
(reticulum cells), and the pulp contained small foci of immature cells with an 
increased number of reticulo-endothelial elements In the I) mph nodes a diffuse 
h)peremia and a marked h)pcrplasia of the reuculo-endothelial cells were ob- 
sen ed Some follicles wxre small and compressed and showed degeneration of the 
reticulum cells The bone marrow was h) perplastic and consisted mostl) of m) elo- 
blasts, man) at) pical, and a number of reticulo-endothelial elements Granuloqnic 
elements w ere practicall) absent Er) thropoiesis w as depressed and a few mega- 
kar) oq tes wxre present 

An interesting obsen ation concerns the persistent splenomegal) after the organ 
had been pracucall) depleted of leukemic cells as noted at autops) It is gencrall) 
agreed that splenomegal) in leukemic states is due for the most part to prolifera- 
tion and infiltration of leukemic elements Apparentl) , h) pcremia and ht perplasia 
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of the rcnculo-cndothclial elements arc major faaors m producing an enlarged 
spleen in chronic myeloid leukemia This also explains the cause of the enlarged 
liver in the presence of a minimal leukemic infiltration of the organ 

Astwoodi’ first employed thiourea and thiouracil in the treatment of patients 
with toxic goiter and found that the drug produced complete remission of s) mp- 
toms and return of the basal metabolic rate to normal m most patients These 
antithyroid drugs inhibit the function of the thyroid gland and, as Williams'^ 
has pointed out, this is true in spite of the fact that they may increase the work 
of the gland as evidenced by the marked hyperplasia and hypertrophy which they 
produce in the thyroid In patients with leukemia treated with thiouracil there 
IS no clinical improvement, the basal metabolic rate remains elevated, and there 
IS no morphologic thyroid hyperplasia 

The most dangerous extrathyroid effect of thiouracil therapy is agranulocy tosis 
The findings in the blood and bone marrow have been described The physio- 
pathological mechanism involved in agranulocy'tosis is not entirely clear Plum® 
studied the blood and bone marrow simultaneously in recovered cases of agranulo- 
cytosis following the administration of aminopyrine He observed that the myelo- 
blasts, premyelocytes, myelocytes, and metamyelocytes gradually diminished after 
a few days and at the same time there was a relative increase in mature granulo- 
cytes With the severity of the process the more mature granulocytes gradually 
became completely depleted, and finally in the very severe and fatal cases the 
marrow was hypoccllular There was no indication of a maturation arrest, “ but 
rather, a hypoplasia of immature granulocytes According to this mcchamsm of 
agranulocytosis, the toxic factor affects, first, the granulocytic precursors followed 
by the mature granulocytes and, finally, a depletion of all granulocytes with no 
cells being formed This is reflected by an agranulocytosis in the peripheral blood 
Gargill and Lesses^® also support this thesis and suggest the destruction of leuko- 
cytes in the blood stream as a possible mechanism of the leukopenia as discussed 
by Lawrence Experimentally, Warren*' was able to show that thiouraal in 
100 mg per cent concentration induced a small but significant inhibition of 
respiration of rabbit bone marrow cells, the effect upon the m}cloid elements 
being more striking The myeloid elements (mostly myelocytes) were found to be 
more sensitive to the action of the drug than the more mature polymorphonuclear 
cells found in the peritoneal exudates of rabbits Attempts to protect the marrow 
from the depressant action of thiouracil on respiration by adding p)'ridoxinc or 
dilute liver extract, all yield negauve results This is of interest since these products 
have been suggested for the prevention of granulocytopenia induced by thiourea 
and Its derivatives 

Williams and his associates*® have reported detailed studies on the absorption, 
distribution, and excretion of thiouracil in experiments on rats and man The) 
found that thiouracil is rapidly absorbed from the gastrointestinal tract and is 
readily excreted in the urine With dosages ranging from o z to i 2. Gm daily, the 
concentration of the drug in the blood varied from o 8 to 6 4 mg per 100 cubic 
centimeters, while the daily excretion in the urine varied from 16 to 618 mg 
The distribution of thiouraal in different elements of the blood was studied in 
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4 individuals who had been treated with the substance for several days In 3 sub- 
|ccts, the blood cells were found to contain about seven times as much as the 
plasma, in i subject the cells contained twice as much as did the plasma Although 
the red cells were found to possess two or more times the amount present in the 
white cells, the average amount of thiouracil per cell was much greater in the 
white cells than in the red cells These investigators carried on some interesting 
experiments on the absorption of thiouracil by blood cells m vitro Among the 
cases studied were the leukocytes from the blood of 3 cases of leukemia Fifty cc 
of blood were obtained from each case of acute myeloid leukemia, chronic myeloid 
leukemia, and chronic lymphatic leukemia To the blood were added 10 drops of a 
zo per cent solution of potassium oxalate and enough of a 2.0 mg per cent solution 
of thiouracil to make a final concentration of about 4 mg per cent The mixture 
was incubated at 38° C for i hour and immediately thereafter the estimations of 
thiouracil were begun They found chat the higher the white count the larger the 
amount of the drug present in the white cells, whether the cells were almost en- 
tirely lymphocytes or whether they were granulocytes Although the average 
quantity of thiouracil removed by individual granulocytes was greater than that 
removed by lymphocytes, the latter cells absorbed more of the drug in comparison 
to their size The leukocytes of the acute leukemic patient removed the same 
amount per volume of cells as did the chronic myelogenous leukemia ccDs, but 
the amount per cells was less in the former group The erythrocytes of the leukemic 
patients did not remove as much thiouracil per volume of cells as did the red cells 
of the nonleukemic patient Finally, it was found that the final concentration of 
the drug in the plasma was less in the chrome leukemic blood than in the non- 
leukemic blood These findings indicate that the leukemic cells of both myeloid 
and lymphatic leukemia are more active in ingesting thiouracil fi'om the plasma 
than are nonleukemic leukocytes Further, the erythrocytes are less active than 
the white cells in the ingestion of thiouraal A case of chronic lymphatic leukemia 
who received thiouracil for several days preceding death was found at necropsy 
to have some of the substance in essentially all the tissues of the body with very 
large quantities in the bone marrow, greater than that m any other tissue 
It IS interesting to note (case 5) that there was an interval of 6 weeks between 
the onset of extreme leukopenia and the stopping of thiouracil The gradual and 
persistent drop in the white blood count and disappearance of granulocytes from 
the peripheral blood is difficult to dissociate from a cumulative effect and retention 
of some thiouracil by the large quantity of leukemic tissue Experimentally, Wil- 
liams, Kay, and Jandorf'® have shown that within certain limits the more tissue 
present, the less the total destruction of thiouracil This may in part explain the 
final production of leukopenia and neutropenia after thiouracil was discontinued 
From the blood and autopsy studies in the case reported above there is evidence 
that the leukemic process was partially altered although the clinical state was 
not beneficially affected There was no evidence to indicate that the thiouraal 
had produced an exacerbation of the process as one frequently observes in cases of 
acute exacerbation of chronic myeloid leukemia The terminal blood patrem was 
that of a chronic myeloid leukemia from which all the neutrophils and eosinophils 
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had been removed, leaving a relauve increase in mjeloblasts, basophils, and 
1} mphoc} tes 

The basophils (mast cells) vrere apparcntl) unaffected b) thiouraal, and in faa 
became increased during thiouraal administration A similar rj pc of basophilia 
IS obscn^cd in cases of chronic m) eloid leukemia in which a remission had been 
induced with roentgen therap} and liquor potassii arsemtis (Fowler s solution) 
The origin and the distribution of the mast cells (basophils) could not be ascer- 
tained in this material It is well known that the basophil granulauon is soluble 
in water and that an adequate es aluation of the morpholog) of the human mast 
leukoc} te can onl} be obtained in properl) fixed and stained preparauons, pref- 
erably in films fixed in loo per cent alcohol and stained in 50 to So per cent alcohol 
thiomne stam 

In the past, man) agents have been tried in an attempt to influence human 
leukemia With the excepuon of the remissions induced b) liquor potassii arsemtis, 
roentgen therap) , and radioactne substances, all such attempts base umforml) 
met with failure M) associates and I (L R L ) have tried a number of other 
medical and surgical procedures in cases of leukemia in an attempt to alter the 
leukemic process These included aminop}rine,-* colchiane,-* and total th}TOidcc- 
tom) ,-’ the latter in order to produce m)’xedema and influence the metabolism of 
hemopoiesis in leukemic conditions No clinical or hematological improvement of 
lasting value was noted Thiouraal ma) occasionally alter the leukemic process 
and in so doing produce the other extreme, a neutropenic leukopenia, an effect 
that is not climcally beneficial It can be assumed that idios)Ticras) or h)^^ 
sensitivity docs not pla) a part in thiouraal leukopenia and neutropenia m 
leukemia 


CONCLUSIOKS 

I Thiouraal, which is occasional!) produane of agranuloc)T:osis, is of no 
s alue in the treatment of leukemia, even when given in ver) large doses 

7. In one case of chronic m)cloid leukemia given 174 Gm of thiouraal for 
50 days, an extreme leukopenia developed 6 weeks after the drug was discontinued 
The patient developed toxic disturbances of the central nervous S) stem Both of 
these effects ma) have been related to the thiouraal administration 

3 In cases of chronic m) eloid leukemia with a high percentage of basophils in 
the peripheral blood, the basophils appear to be resistant to the toxic effect of 
thiouraal and in this respect simulate the blood pattern observed in remissions 
induced by roentgen therapy 

4 Thiouraal in sufficient doses ma) inhibit granulopoiesis and destro) granulo- 

C)'tCS 
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Chemotherapy of Leukemia and Related Diseases 

O F THE various disorders of the blood and blood-forming organs, the leuko- 
cyuc neoplasms and leukemia remain by all odds the chief problems Bnlliant 
studies have been made in the delineation and the therapy of the defiaenc) sjn- 
dromes, and slow but steady progress continues in the control of such disorders 
as polycythemia, the hemolytic syndromes, the hemorrhagic diseases, and in the 
disorders in which a splemc dysfunction is preeminent In leukemia qmte the 
reverse is unfortunately true This is particularly so in the acute cases, m 
which, once the diagnosis has been definitely made, the patient s death-warrant 
IS signed 

In all probability, leukemia is a rapid, irreversible, proliferative process which 
affects one of the white cell forming tissues The chronic forms respond rather well 
and for a period of one to several years following treatment with x-rays or radio- 
active phosphorus Ben2ol, which was one of the first therapeutic agents to be 
used, was discarded perhaps prematurely A number of good reports of several 
years ago stress its therapeutic value, which is said to compare favorably with 
that of x-ray The report of Flory, Steinhardt, and Furth in this issue may stimulate 
further study of this simple chemical in treatment The group at the Jefferson 
Medical School has succeeded in extracting materials from the urine and the 
organs of leukemic patients which they are utilizing for treatment of acute cases 
Lymphocytic unne extract is being used in myeloid cases and vice versa The results 
thus far have been of suffiaent interest to warrant further work The widely 
touted ACS (anti-reticular cytotoxic serum) of the Russians has failed to affect 
either leukemic or lymphosarcomatous processes 
Mustard gas, which was ready for instant use dunng the recent war, was studied 
for Its possible hematologic effects These studies, a preliminary report of which 
by Gilman and Phillips^ appeared recently , revealed that the sulfur and nitrogen 
mustards were productive of a type of action on cells which can be likened to 
that of no other chemical agent but which resembles in many ways that of x-rays 
An official statement by Rhoads- dealing with clinical aspects has been formulated 
The cellular susceptibility appeared to be directly related to the degree of pro- 
liferative acuvity, thus the cells of the blood-fornung organs were found to be 
greatly affected with a resultant pancytopema and lymphotytopema The 
primary mechamsm of these chemicals was the inacuvation of essenual cellular 
enzj'mes, notably the phosphokinases The mitotic activity of rapidly proliferating 
cells was profoundly affected by mimmal or threshold doses, and this effect might 
persist for several days in successive crops of proliferating cells Gilman and 
Phillips state that No other class of chemical agents has been shown to have 
such speafiaty of action on chromosomal mechanisms in threshold doses the) 
act directly on the intimate structure of chromosomes 
Nitrogen mustards in the forms of hydrochloride salts were readily dissolved in 
water or sterile normal salt solution for intravenous admimstration and were first 
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used clinically by Alfred Gilman, Louis S Goodman, G E Lindskog, and John 
Dougherty at Yale Medical School in a group of six patients with terminal neo- 
plastic disease The results were sufficiently impressive to warrant trial by several 
groups of investigators in various parts of the country 
Although the results in the various clinics have vaned to some extent, there 
can be no question but that the intravenous injection of very small doses (5-10 mg ) 
of cither the bts or tns form of the nitrogen mustard often causes profound changes 
in leukemia, lymphosarcoma, and particularly in Hodgkin s disease The drug 
must be given with extreme caution, since it not only affects leukocytic tissues, 
but causes a varying degree of anemia and thrombocytopema Other toxic effects 
arc vommng and venous thrombosis In my own experience the use of these chemi- 
cals has been disappointing in the leukemias, but in cases of Hodgkin s disease, 
some of which had become completely refractory to x-ray therapy, remarkable 
remissions not infrequently took place The drug certainly requires further climcal 
trial under carefully controlled conditions Gilman and Phillips conclude their 
article with the following cogent statement It may be hoped that the previous 
successes which have characterized the evolution of chemotherapeutic agents by 
chemical alterations of a parent compound may be duplicated in the case of the 
j 3 -chlorocthyl amines The result would be a compound having a sufficiently specific 
toxic action for certain types of proliferative cells to possess therapeutic value 

William Dameshek, M D 
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ABNORMAL BLOOD PIGMENTS 

CI£MENT A FINCH, M D , and JOSEPH F ROSS, M D 


Thb Blood Pigment*, The Phopeetie* and Qdantitative Determination with Special Reference 
TO THE SpECTROPHOTOMEnuc Metbodi H 0 Micbtl and J S Hams J Lab &. Qin Med 443~‘)63 
1940 

The authors present an orientational discussion of the nature and chemical propenies of the varioui 
blood pigments deni'cd from hemoglobm The absorption spectra of these substances and their reactions 
to certain chemicals arc described Parucularly useful is their outlme of the qualitative identification bj 
simple spectroscopj of methcmoglobin, sulfhemoglobm, hematin, and pseudomethemoglobm (mcthem 
albuminj Quantitative methods of analysis i c , gasometric, combined gasometne and colonraetnc 
and spectrophotometric arc reviewed The authors present a spcctrophotomctric method with evpenmen 
tal data based on extinction coefficients for the determination of mtxturcs of sulfhemoglobm, methemo- 
globin and oxyhcmoglobm 

CAP 

A Rapid Spectrophotometric Method for the Deteracination op Metbbmoglobin And Carbonyl 
HEMOOLOB tN IN Blood B L HcTichr and F S Brackett J Biol Chem , j/a. 669-677, 1944 
This method utilizes the same principle as the method emplojed by Evelyn and Malloy (J Biol Chem 
ie( 655, 1938) The instruments used were the Coleman spectrophotometer and espeaally constructed 
photometers Measurements were made at 8000 A and at 4965 A Results by the method were compsred 
to the Van SI) he gasometric determinations The procedure 1$ simple, and subject to an error of about i 
% This method appears to be the most satisfactory for routine use 

CAP 

The Effect of Methemoglobin on the Equiubrium between Oxygen and Hemoglobin R C Darling 
and F J W Rou^bten Am J Phvsiol , 177 56-68 1941 

Expenments were performed on ox and on human blood The mcthcmoglobm was made b) aerobic 
oxidation by femcyanide or by nitrite The presence of methcmoglobin caused a shift in the oxygen dis- 
sociation curve to the left, qualitatively the same but not as great as that produced by carbon monoxide 
The shift was reversible once the methcmoglobin had reverted to the ferrous form 

The authors conclude that this newly discovered effect means that in mcthemoglobmemia the nssucs 
are liable to anoxemia not only from loss of ox} gen capacit) of the blood, but also from increasing diffi- 
cult} in the unloading from the blood of such oxvgen as is available 

The mechanism is believed to be the formauon of compounds intermediate between reduced hemoglo- 
bin (entirely ferrous) and methemoglobin (entirely ferric), the conversion of one or more of the four 
ferrous atoms in the hemoglobm molecule to the ferric valence leading to an mcreased affinity of the 
remainmg ferrous atoms for oxygen 

CAP 

The Comparative Anoxemic Effects from Carbon Monoxide Hemoglobin and Methemoglobin D 
Lester and L Granberg J Phatm 6^ Exper Therap St 181-188,1944 

Carbon monoxide hemoglobin and methemoglobin, both functional!} inert would seem to di cr 
ph} siologically onlv m the degree to which thev shift the ox}gen dissociation curve and interfere with 
normal tissue ox} gen exchange In this stud} the levels of these pigments at which death occurred are re 
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poncd Cats became unconscious and died tshen 66 to 71% of hemoglobin had been convened to carbon 
monoxide hemoglobin Cats and dogs could tolerate more than 80% conversion of hemoglobin to met- 
hemoglobm without becoming unconscious The asphyxial effects of mcthcmoglobm thus were signifi- 
cantly less than those of carbon monoxide 

C A F 

Congenital Idiopathic Methemoglobinemia Favorable Response to Ascorbic Aqd Therapy R F 
SitrcTS and J B Ryon Arch Inc Med , yC L99-307, 1945 

The article includes the most complete tabulation of clinical reports of this rare disease summarizing 
18 cases and addmg one (In the opinion of the reviewer the case reports of Miller, and of Schwartz and 
Rector should be excluded, their discrepancies arc mentioned b) the authors ) 

In the majorit) of cases the c) anosis had been first anributed to a congenital cardiac defect S) mptoms 
were mild including dv spnea on exertion, tachjeardia, and headache Mcthemoglobm levels varied from 
10 to 57% of the toul hemoglobin The mean was 30 to 40% 

The authors reported one case and demonstrated the cfficienc) of ascorbic aad and meth) Icnc blue m 
reduemg the degree of methemoglobinemia Before ascorbic acid therap) the blood of their patient had 
no capacity to revert methemoglobm on standing Normal plasma w as able to effect some slight reduction 
of the mcthemoglobm of the patient s cells After four daj s of treatment there was i 6 Gm reduction of 
mcthcmoglobm m the patient s blood on standing 14 hours Equal disappearance of mcthemoglobm at 
this time was found with the red cells suspended in cither plasma or sodium chloride, which pointed to 
the operation of an mtraccllular rather than a plasma reducing substance Thev felt that addmg ascorbic 
acid partiall) replaced the defective cell reduemg system 

C A F 

Fascual Idiopathic Methemoolobinesiia and Its Treatment with Ascorbic Aod H Barrrcft Q H 
Gibsm, D C Harrison and ] McMurray Clm Sci , y 145-157, 1945 

The effect of ascorbic acid therapy loo-ioomgms per day, m one case of familial idiopathic methemo- 
globinemia was described in detail The mitial level of 7 3 grams methemoglobm fell to o 8 grams over 
a penod of 30 days while the total hcmoglobm level remained fairly consunt The decrease m ferne 
pigment paralleled the rise of blood ascorbic acid which was mitially low The same reducing action of 
ascorbic acid was demonstrated tn vitro with hemolyzed or non hemolyzed blood aerobically and ana 
erobically 

The authors felt that the increase m ascorbic acid concentration comcidental with a decrease m mcthc- 
moglobm concentration was consistent with Gibson s report that the reacuon may be expressed by a 
bimolecular formula (that the rate of reduction of methemoglobm is proportional to the product of the 
concentration of the two reactants) 

The normal erythrocy tc is able to reduce methemoglobm to hemoglobin m the presence of either lac- 
tate or glucose Methylene blue greatlv catalyzes this reaction The patient s blood shows a greatly dc 
creased ability to effect this rcconv ctsion vv ith cither substance Methy Icnc blue in the presence of glucose 
produced a normal cataly tic reduction in the patient s red cell but did not cataly-ze with lactate as a sub- 
strate This was interpreted as a defect m the enzyme system of the red cell which functions to convert 
mcthcmoglobm to hemoglobin 

C A F 

CvANosis IN Infants Caused BY Nitrates IN Well Water H H Comly JAMA raj iii-ii6 1945 
Two infants arc reported who on a formula containing boiled water developed severe cyanosis which 
was determined spectrophotometrically to be due to methemoglobinemia The administration of in one 
case 1 I mgm /Icilo and in the second of i 5 mgm /kilo of methylene blue within a few mmutes reverted 
the abnormal pigment to bivalent hemoglobm The well water used m both cases contamed large 
amounts of nitrates and was heavily polluted with bacteria presumably nitrate formers The ingested 
nitrate was apparently converted bv bacteria of the intestine to nitrite which following absorption into 
the blood stream, produced methemoglobinemia 


C A F 
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Dye Poisoning IN THE Numert ARevtess of 17 Cases J Granbartb,C J Bloom, F C Coleman anJH iV 
Solomon JAMA iiS 1135-1157, 1545 

Another episode of antlme poisoning through skin absorption is dtfsenbed Sc\-cnteen babies sveanng 
new aniline stamped diapers de\ eloped C) anosis, fifteen other babies s\ ith pres loush washed diapers did 
not Many of the affected infants apparentls developed anemia Three died of infection and one of intra 
cranial hemorrhage Methemoglobinemia w as assumed to be piresent and treatment consisted of methylene 
blue, ovs gen and 5% carbon dioxide, and transfusions The authors felt that methylene blue was without 
apparent effect and expiressed skepaasm as to its value m the treatment of methemoglobinemia This 
opinion seems unwarranted in the absence of spectroscopic data idcnpfnng the pigment as methemo- 
globm 

CAP 

Methamoglobin, InnenkSrper dee Erythroctten und Anasoe If'' Heubner Kim Wchnschr , 10 

137-141. 1941 

In a review article Heubner discusses the concept that the fotmauon of racthemoglobin is a reversible 
oxidauve pirocess without assoaated hemoglobin breakdown An eniarcl) different tp-pie referred to as 
deep oxidation is repirescnted bs the splitting opieo of the piorphjTm ring and the ptoduenon of \erdo- 
hemochromogen Heubner believes sulfhcmoglobm is a product of deep oxidation and that it does not 
contain sulfur (His ideas on sulfhemoglobin seem poorh substantiated and arc at vanance with most 
present opmions ) 

ConstderaMt attetsuoo. ts. gsvea to the early desenptsons. by Hesox, EbUcb and others of the umec 
bodies in ery throcytes, and of their production b) hcmoly tic aromatic compounds Inner bodies and 
anemia mat be produced with little or no methemoglobmemia methemoglobm is not a stage m the 
development of the irmer bod) and anemia 

On the basis of rather madequate tn tttro etndence the author feels that hemolytic agents may macti 
tate erythrocy-te catalase and thus leave the cell vulnerable to oxidation by hydrogen peroxide 

While many assertions of the author cannot be accepted, his general thesis of sepmatmg methemo- 
globinerma from hemolytic anemia is undoubtedlv valid and well documented 

CAP 

The Control of Methemoglobinemia with Methylene Blue W 3 Wendell J Clm Invcsnganon, 
iS 179-185 1933 

The normal rate of reconiersion of methemoglobm (produced by inyecnon of sodium nitrite) to 
hemoglobin bs the red cell was ooiS vol %/imn Methylene blue administered intravenously at the 
peak of methemoglobm formation mcreased the reversion rate about fi'e fold 

Methemoglobm was demonstrated in the blood of patients on sulfonamide Intravenous mjecuon of 
o I cc to o i cc pet kilo of body weight of a 1% aqueous soluuon of methylene blue converted in 43 
minutes all of the methemoglobm mto functionally active hemoglobm The duranon of this action was 
II to L4 hours and no toxic effects were observed 

CAP 

Studies on Sulfhaemoglobin R Lemberg, H F Holden, J W LtfSt, “nd W H Loehrood Aust J 
Exper Biol &. Med Sci 20 161-167, 194^- 

This study was directed at the confused subject of the structural nature of sulfhemoglobin The authors 
uphold the idea that the compxiund is compiosed of a closed pxirphyTin ring Thev differenoate spectro- 
scopically the open ring reduced choleglobin from sulfhemoglobm by its behavior to alkali or carbon 
monoxide Sulfhemoglobm was reconvemble into ptotohemochromogen Artificalh produced sulf 
hemoglobm generally contained as a by product 10 to 50% of choleglobin The properties of this 
decompiosition piroduct have led to confusion In clinical sulfhemoglobmemia little or no choleglobin 
was found, although it was piresent m the blood of rats fed sulfur and acetanilide 

C A F 

Methemoolobin a Normal Constituent of Blood W D Paul and C R Kemp Proc Soc Exp Biol 
and Med , 35-56 1944 

By a spjcctrophotometnc method methemoglobm was found in 99 of 100 hospital patients m amounts 
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ranging from o 01 to o 5 Gm /ico cc blood In xo blood donors the range 'tvas from o 03 to o 13 Gm % 
This confirms the presious observation of Ammundsen, E Q Biol Chem , ijS 563-570, 1941) and has 
been corroborated b> F J W Rough ton, R C Darling and W S Root (Am J Med Sc , 2cS 131,1944) 
and b) D L Drabkm and C F Schmidt (J Biol Chem , j/7 69-83, 1945) using gasometric methods 
The demonstration of methcmoglobin in the blood of normal indnidnals helps to establish the con- 
cept of an equilibrium between the reduced and oxidized forms of hemoglobin The extreme degree that 
the hemoglobin methemoglobin equilibrium has been displaced in favor of the reduced form is an ex- 
pression of the efficienc) of the intracellular reducing sjstem of the mammalian red cell 

C A F 

MiTHEiiAtBUXiiN Part I CuNiCAL ASPECTS H Fairltj, M D Quart J Med ,10 95-114,1941 

The blood of patients ith set ere hemolj tic anemia (c g , blackw ater fever, and paroxj smal nocturnal 
hemoglobinuria) is of peculiar chocolate color and the plasma is brosvn This discoloration is caused b) 
the presence of an abnormal pigment methemalbumin in the plasma Fairle) and Bromfield idcnufied 
this pigment and differentiated it from methemoglobm and sulfhemoglobm which m contrast to 
methemalbumin, are practicall) alvia)S intra-crjthrocjuc pigments Methemalbumm is found in the 
plasma when intravascular hemoljsis has been excessive It is apparently formed in the plasma by the 
combination of the heme complex (derived from the destruction of heraoglobm) with plasma albumm 
Cases described as hematmaemia are actually cases of mcthemalbuminemia, since hematin in plasma 
immediately combines with albumin to form methemalbumm It can readily be differentiated from other 
heme pigments by its charactenstic alpha absorption maximum at 6x3-6x41111 (methemoglobm 6301111, 
sulfhemoglobm 618 iin), and by the effect of certain chemical agents on its alpha absorption bands 

Fairley believes that all cases of hemolytic anemia may be classified into three groups accordingly as 
they show a ) hyperbilirubinemia alone b ) hyperbilirubmemia and methemalbummemia, c ) hyper- 
bilirubinemia, methemalburamemia, and haemoglobineraia He suggests that hyperbilirubinemia in the 
absence of methemalbummemia suggests intracellular (reticulo-endothelial) blood destruction whereas 
metheraalbummeraia implies lysis of corpuscles in the circulating blood 

J F R 

hfanzMALBUMiN Part II Its Synthesis, Ceemicax Behaviour, and Experlmental Production in 
Man AND Monxeys N H FairU),MD Quart J Mcd,je 115-138,1941 

Methemalbumm was invariably formed tn vitro when purified a'kalire hematm (ferric) was added to 
plasma or to the albumin fraction of plasma or to crystalbumin It v as not formed when hematm was 
added to euglobin, pscudoglobm seroglycoid or globuglycoid The methemalbumm so formed was 
identical spectroscopically and chemically with that found m the plasma of piauents with hemolytic 
anemia Numerous chemical and physical studies indicated that meihemalbumm is a definite chemical 
compound consisting of a prosthetic group, oxidized hematm (feme), and a protein component, native 
scrum albumm On reduction, hemalbumin, a ferrous compound, was formed but this compound differed 
from hemoglobin m being unable to combine loosely with oxygen 

Injecuon of alkaline hematin (ferric) or of reduced alkalme hematin (ferrous) into human subjects 
and into monkeys resulted in the immediate formation of methemalbumm Interestingly enough Fairley 
reports that there was no rise in plasma bilirubin following the injection of hematm observations m 
conflict with those of Pass, Schwartz and Watson 

Fairley suggests that the mode of exrracorpuscular hemoglobin disintegration following intravascular 
hemolysis in man may occur as follows hemoglobin is split m the circulation into globm and reduced 
hematm (ferrous), the latter is immediately oxidized to baematin (ferric) which combines with scrum 
albumin to form methemalbumm The subsequent fate of the methemalbumm is not discussed 

J F R 

MEIHEMAXBUSnNEXIIA DuRING COMBINED ThERAPV WTTH PAMAQmNE AND QuiNlNE W D Blokt C G 
ZulroJ and M Koscnjtld Fed Proc / 167 1946 

Methemalbumm appieared consistently in the serum of patients rcccivmg pamaquine and quinine m 
combination for the treatment of malaria, although this pigment was rot produced m piatients rcceiv mg 
cither of the two drugs alone m the same dosage The concentration of methemalbumm progressively 
increased during fourteen day s of combined therapy 
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There were concurrent disturbinccs in pigment metabolism consisting of methcmoglobin produaim 
m the crjthrocvtes increased fecal urobilinogen and increased fecal and unnan coproporphmn 

J F R 

The Covt'ZRSio'f or Hemativ to Bujeubin Follosving Isttras’enous Admiviste.stios in Hihsn 
S oBjECTS I J Fass,S Scbivart^iend C J Watson J Clin Inrestigation ^ ^83—191 1935 
The normal cons ersion of hemoglobin to bilirubin is supposed to occur s\ ith an opening of one of the 
methene Imkages of the porphvnn ring and the formation of an intermedian pseudohemoglobin 
a bilnerdm iron globm compound Hematin, a compound in sshich the porphsTin nng is still intact 
but which has been split free from the globin fraction of hemoglobin is not formed in the usual in tin 
mechanism of hemoglobin degradation Fairies shossred hossrser that hematm is formed svheneTcessise 
intravascular hemoljsis occurs and that it immediarcl) combines ssnth plasma albumin to form 
raethemalbumin 

The ssas in svhich the bods nds itself of hematin and mcthemalbumin is obs-urc but of some funda 
mental interest because of the frcqucncv of its formation in severe hemols tic states and because malanal 
pigment is identical svith hematin Duesberg Bingold Fairies and other insestigators have reported 
that once hematin and methemalbumm were formed intravascularlj thes ss^re not converted to bill 
rubm Pass Schssartz and Watson present definite evidence that hematin is converted mto bilirubm 
FoIIotvmg iD/eccions of hematin into human subjects an increase of fecal urobilinogen occurred svhich 
ss'as proportional to the amount of hematio given The serum bilirubin ssas not uniformls elcsated hosv 
es-er, and mcthemalburmn persisted m the serum for prolonged periods of time suggesting that the 
conversion of hemaun to bilirubin occurs relatisxls slowls in contrast to the rapid cons-ersion of hemo- 
globm to bilirubin 

J F R 



NEWS AND VIEWS 


Dr Henry Poacher of Chicago led a symposium on Anemia in Childhood for 
presentation before the Pediatric section of the American Medical Academy in 
San Francisco in July Dr Wolf Zuelzer of Detroit discussed the pathogenesis of 
anemia, Dr James M Baty, Boston, the classification. Dr Carl Smith, New York, 
the diagnosis, and Dr Poncher, the treatment The discussion of the symposium 
was opened by Dr C V Moore, St Louis, and Dr M M Wintrobe, Salt Lake 
City 

Dr Louis B Jaques, Department of Physiology, University of Toronto, has 
been appointed Professor and Head of the Department of Physiology, University 
of Saskatchewan, Saskatoon, Canada The Medical School of the University has 
been reorganized and will from now on give a full four year course Dr Jaques 
mam interests have been in blood coagulation He has played an important part 
in the clarification of the mechanism of action of heparin and in the development 
of this drug for clinical use in collaboration with other members of the depart- 
ments of physiology and surgery of the University of Toronto 

Dr George Cartwright, former associate of Dr M M Wintrobe of Utah, is 
in Shanghai at present with the Umted States Army He has written a compre- 
hensive article on the dietary factors involved in hematopoiesis, which will be 
published in one of the forthcoming issues of BLOOD 

Dr William Dameshek of Boston has received a grant from the United States 
Public Health Service for study of the Mediterranean target-oval cell syndromes 
and their possible relationships to sickle cell disease 

An International Rh and Hematological Conference is to be held in Dallas on 
November 15 in affiliation with the National Mexican Transfusion Congress which 
IS to be held the following week in Mexico City Some of the workers in this 
field who have accepted invitations to participate in the Dallas section of the 
conference are Doctor Race of England, Doctors Gonzales-Guzman and Uribe of 
Mexico City, and Doctors Philip Levine, Louis K Diamond, and William Dame- 
shek of Linden, New Jersey, and Boston, respectively English-Spanish preprints 
arc to be prepared, together with a crawling title’ motion picture for pre- 
lection simultaneously with the oral presentations 

The following European physicians have accepted posts as Contributing Editors 
to BLOOD 

England L J Witts, Oxford 
J V Dacic, London 
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Scotland L J Davis, Glasgow 

Fra/ice P Emilc-Wcill, Paris 

Belgium J Roskam, Ij6gc 

Switzerland Karl Rohr, Zurich 

Holland J J Grocn, Amsterdam 

Denmark. E Mculcngracht, Copenhagen 
Sxueden J Waldenstrom, Upsala 

Turkey E Frank, ktanbul 

Further additions to this list are expected in the near future 

Dr Charles P Emerson, Jr , Thorndike Memorial Laboratory, joined the staff 
of the Evans Memorial Hospital on July ist He has been appointed Assistant 
Professor of Medianc at Boston Umversity Medical School and is in charge of the 
blood bank He is conunuing research in hemolytic syndromes 

Dr Henri J Tagnon, Thorndike Memorial Laboratory, has been awarded a 
Semor National Research Counal Fellowship bcginmng July i, 1946 He is to 
work at the Memorial Hospital in New York 

Dr A H T Robb-Smith, Director of Pathology, Radcliffe Infirmary, Oxford, 
England, visited a number of American clinics last February He mentioned that 
the Oxford group was planning an International Hematological Congress some- 
time in the future, probably in the summer of 1948 Will those who are interested or 
who have suggestions apropos the proposed Hematological Congress communicate 
with Dr Steven O Schwartz, 55 E Washington St , Chicago a, Illinois 



WILLIAM WADDELL DUKE 
Notes on the Man and His Work 

B iographical notes have much m common Tvuth clinical ease reports For 
one thing, they should be written only after intimate contact uith the case 
ID question, or they risk being superficial and disjointed The writer ne^cr met 



Wrr.T TJXf WaDDEU, DdEE 


^ W Duke in person He has, however, become famihar with the man through 
fits Writings, from other men s accounts, and from correspondence What is said 
fierc IS based mostly on such objective, umntimatc evidence 
Duke Was 63 )cars old when he died in Kansas City on April 10, 194^ kic was 
fiorn in October 1882., in Lexington, Missouri, graduated in 1904 from Yale, 
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notes on WILLIAM WADDELL DUKE 


■\vhcrc he majored in biolog), and from Johns Hopkans Medical School in 1908 
He then won an appointment as Medical House Officer in the Massachusetts 
General Hospital, where he remained for one and a half ) ears The following few 
months were spent as a resident in tuberculous sanatonums His investigative bent 
must have drawn him back to Johns Hopkins, where he became associated with 
William H Howell in 1910 

Howell at the time was engaged in studying the phj^sioJogy of the heart beat 
Duke collaborated with him in several papers dealing with the role of calcium 
and potassium in the nervous regulation of heart action 

At Johns Hopkins, Duke came in contact with William H Welch and G H 
Whipple in the Hunterian Laboratory of Expcnmental Patholog)" In one of his 
letters, Duke acknowledges the support that Popsy Welch gave him in getting 
his work accepted and published Much of the encouragement he received at the 
time came from Welch, whose interest in platelets began during his work on 
experimental thrombosis 

Duke s own interest in blood platelets probably dated back to his years at the 
Massachusetts General Hospital and his contacts with J Homer Wnght Some 
of the patients with thrombopenic purpura quoted in Duke s papers had been 
observed at the Massachusetts General Hospital, and others had been collected 
during Duke s visit to the European clinics of Bcrhn, Vienna (Professor Riehl), 
and Tubingen (Professor Rhomberg) 

Duke did most of his work on platelets and hemorrhagic disease between 1908 
and 1915 It was in the early part of this period that he came under the influence 
ofj H Wright, when Wright was occupied with the demonstration of the origin 
of platelets from megakaty ocytes Wnght s first publication in 1906 (Boston Medi- 
cal and Surgical Journal is4 643) had not made a favorable impression in some 
quarters, owing perhaps to poor reproduction of his illustranons In 1910, Wright 
published his experiments in greater detail and illustrated them with colored plates 
which did full justice to his views Duke had great admiration for Wnght and 
said in one of his letters 

With reference to J H Wright I look upon him as one of the most brilliant 
pathologists I have ever known He did the laboratory work on the platelet 
counting method published under the name of Wnght and Kinmcut, I helped with 
It but the idea was entirely Wright s I graduated from M G H in the midst of 
this work 

To Duke perhaps belongs the credit for the conclusive demonstrauon of the role 
of the platelets in hemostasis This he did by devising the test known as the 

bleeding time Up to the time of Duke, attempts to connect hemorrhagic 
tendencies with a diminution in the number of blood platelets had rested on the 
presence or absence of purpura, or bleeding from the mucous membranes Duke 
showed how misleading this correlation could be, since the purpura depended 
much on the degree of ph) sical acuvity or the trauma undergone by the patient 
before being observed 

When Duke heard of patients who supposedly bad normal bleeding times es cn 
though the platelet count was low, he was ready to inquire how the determination 
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was earned out To his chagrin he frequently learned that what was called the 
bleeding time was often obtained from a puncture made with a sewing needle or 
similar tools 

In one of his letters, Duke states 

I am sorry to say that I am usually misquoted in relation to the method of 
obtaining the bleeding time It should be obtained in humans from the lobe of the 
ear by making a relatively large cut and blot the blood up at half minute intervals 
If this IS not done and the cut in the ear is too small, blood may collect on the ear, 
clot and drj^ and give the impression that the hemorrhage has been stopped He 
realized the limitations in the clinical significance of his test, but felt strongl) 
that when there was a reduction in platelets or in fibrinogen the bleeding time 
would be altered 

After 1915, Duke published comparatively little on the subject of his original 
interests His last work on blood platelets was done after his return to Kansas 
City, where he was to remain the rest of his life In his last paper on the subject 
Q A M A da 1600, 1915) indications are already present of his rising interest 
in anaphylaxis and other forms of h} pcrsensitivencss The relation of platelets to 
the manifestations of hypersensitiveness was beginning to draw his attention 
From 1915 on, Duke was occupied in the study of allergy He introduced the con- 
cept of physical allergy and stressed the part played by cold, heat, and physical 
effort in conditioning abnormal tissue reactions 
Duke had a restless, scintillating mind which must have been often tempted to 
run into unbridled speculation His style of writing was simple and direct His 
experiments seemed to be neatly laid out and the results were expressed clearly, 
using factually accurate charts drawn by himself 
Generally speaking, his conclusions were held well within the evidence These 
qualities lent his papers a certain strength which perhaps accounted for their 
general acceptance They were, and are still, widely quoted in the world s liter- 
ature Duke was responsible, perhaps more than any other contemporary author, 
for strengthening the concept of the importance of platelets in disorders of 
hemostasis 

Leandro M Tocantins, M D 
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The Vitamins in MiJicint Bj Frankxis Bickneu. amd Fredertck Prescott Grunc Stratton, Inc 

Nets York, and edition Pp grS $ii oo 

During the last 30 ) ears, an eser increasing amount of research has been desoted to the studs of Mta 
mins This knowledge is spread throughout the literature of the last 3 decades and the magnitude ot the 
work, makes it almost impossible for clinicians and others to keep abreast of the subject 

Since the first edition of this book appeared in December 1942. further adsances in knowledge of the 
Mtamins have been made especiall) concerning the B complex, these base been suitabl) discussed in 
largel) rewTitten and expanded chapters desoted to these subjects A short chapter has been added on 
the essential unsaturated fatt) acids and minor soluble sitamins The tables gisnng the \itamin content 
of foods have also been resised 

The major vitamins arc considered under the following headmgs histor) chemistry, food sources, 
physiolog) pharmacolog) , human requirements in health and disease, defiaenc) diseases, methods for 
detecting Mtamin defiaences and therapeutic uses For the sake of simplicity, deficienc) diseases are dis 
cussed under separate vitamins e g benberi under Vitamin B scurvy under Vitamin C and so on This 
may give the impression that such diseases are due to the lack of a single \itamin but as the authors 
caution, defiaenq diseases are usually due to multiple deficiencts and it would be extremely difficult 
to devise a diet lacking in just one factor 

The authors (who are British) state that the majority of the public are apathetic towards the prob- 
lem (of vitamin defiaency) and arc content to spend their lives in that shadowed region between good 
health and frank illness This may be true for England, but the millions of dollars spent yearly for the 
advertising and purchase of the various vitamins m this country vigorously belie this sutement It 
might mote aptly be said that the public is completely confused by the problem, redecting the conflicting 
opinion and often confused know ledge of the subject by phy sicians and their co-w orkers in the nutntional 
field The authors have correlated up-to-date information on the chemistry, physiology nutntional 
importance and clinical uses of the v itamins with emphasis laid upon the clinical aspect of the subject 
Each subject is followed by an exhaustive and well selected bibliography of the subject Refetences to 
original papers number nearly 4500 and the text is amply illustrated w ith ao8 equally well chosen desenp 
tive and beautifully printed illustrations 

The general excellence of the book, the remarkable bibliography and the timeliness and importance 
of the subject make this a work that can be unreservedly recommended as a must addition to the 
library of every cliniaan and nutntionist 
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PRESER^^ATION OF NORMAL HUMAN PLASMA IN THE LIQUID 

STATE 


V Clinical, Chemical, and Ph-i sicochemical Studies During Three Years 
OF Storage at Room Temperature'' 

B;) Eugene L Lozner,! Commander, Medical Corps, U S N R , Sonha Lemish, 
Lieutenant, H(W), U S N R , A Sue Campbell, Lieutenant (junior grade), 
H(W), U S N R , AND Lloyd R Newhouser, Captain, Medical Corps, U S N 

N otwithstanding the fact that liqmd plasma is a good bactenal culture 
medium (even when containing bacteriostatic agents in clinically nontoxic 
concentrations), it remains a piopular form for preservation because its preparation 
IS simple and economical and because it is the only form in which the plasma is 
instantl) available It has been shown b} many investigators, first b) Kartashevsky 
and Filatov in Russia in 1934,' that plasma may be preserved in the liquid state for 
many months and administered with clinical safety Recent workers in this field 
have emphasized the need for meticulous asepsis in the technics used in drawing 
blood and preparing plasma - A closed-vacuum system has been advocated be 
several investigators'* ® and has much to recommend it In this regard, it is pertinent 
to call attention to a recent report on the sterilization of curated plasma by fil- 
tration,® a procedure which may considerably increase the safety of a liquid plasma 
program 

Previous papers from this Institute*’® ha'se presented the results of climcal, 
physiological, and chemical studies on plasma preserved in the liquid state at room 
temperature for two years The conclusion of these studies was that when liquid 
plasma is properly prepared it may after such an extended period of storage be ad- 
ministered to patients with safety and benefit despite the inactivation within six 
months of certain labile constituents and a slow increase in nonpirotein and alpha- 
amino nitrogenf content It was pointed out in one of the papers* that gross clea- 
■vages in the plasma proteins might have occurred without significant increase in 
nonprotein mtrogen as long as the products of such cleavage remained large enough 
to be insoluble in the usual protein precipitant For this reason physicochemical 
methods were employxd in order to demonstrate whether or not such cleavages 
tverc taking place It is the purpose of the present communication to report the 
results of osmomctric, viscosimetric, and electrophoretic studies on plasma stored 
for three years in the liquid state and to summarize the chemical and climcal ob- 
servations to date The practical application of these studies is clear-cut, they form 

From the Naval Medical Research Institute and the Naval Medical School, National Naval Medical 
Bethesda, Maryland 

‘This article has been released for publication b> the Division of Publications of the Bureau of Medi- 
cine and Surgery of the U S Navy The opinions and views set forth in this article are those of the 
"Titers and are not to be considered as rcflecang the policies of the Navy Department 

tPresent address Children s Hospital. 300 Longwood Avenue Boston 15 Massachusetts 
I'Fic term alpha amino nitrogen is used to designate the result of the gasometric determination 
free ammo acids in blood filtrates by the ninhydnn carbon dioxide method 
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PRESERVATION OF NORMAL HUMAN PLASMA IN LIQUID STATE 


a rcascnabJc basis for the determination of the expiration date of plasma pre 
served in the liquid state 


MATERIALS AND METHODS 

Samfits — Studies s\cre continued on samples from the same eleten pools of plasma prepared b\ the 
Blood and Plasma Department of the Nasal Medical School, upon sshich the presious reports* ha\e 
been based Inasmuch as serial samples had been remosed from these pools and the effect of such sampling 
s\as unknossm lots from which no presious samples had been remosed were obtained from four pools of 
approximate^ the same age as the original eleven All sampling was done asepticalh 

Cbimical Studies — Nonprotein nitrogen was determined b\ the manometne micro kjeldahl technic’ 
using tungsuc aad and i 5 per cent trichloracetic acid as the protein precipitants and the interpretation 
of these preapitants was that proposed b\ Hiller and Van Slske Alpha ammo nitrogen was de 
termined gasometricalh bs the ninhs drin method ” 

Osmometne Studies- — Samples of fresh and stored plasma were dials zed in VisLing casing in the cold 
for four da)s against a reference fluid consisting of buffered saline and then placed in an osmometer 
constructed on the basis of the Basis’ modification of the Hepp instrument ” using parlodion mem 
branes with the plasma above and fresh reference fluid bcloss the membrane These studies ss ere made 
at room temperature 

Viscosimetric Studies — A Cannon Fenske-Ostssald siscosimeter of the nonsiscous ts’pc designed to 
reduce kineoc energj and surface tension corrections” ssas used All samples svere passed through a 
sintered glass filter after sshich aliquots ssere taken for protein analjsis densit) measurement glass 
electrode pH determination and siscosits measurements All siscosits measurements were made in a 
svater bath at 37 8 ± o 1° C 

Electrophoretic Studies — These were performed b\ Drs laura E krejci Lucile Sweeni and Edward 
B Sanigar of the Biochemical Research Foundation of the Franklin Institute Newark Delaware, and 
have been reported upon in detail elsewhere '* Thev were carried out bs the Tiselius method ” photo- 
graphs bemg taken b\ both the Longsworth ‘ and Ssensson technics ” 

Clinical Studies — The questionnaire technic presiousls described’ ssas used Three thousand three 
hundred and eights four questionnaires sshich had been filled out follossing the administration of 
plasma stored in the liquid state for more than a sear ssere analsred Fifteen hundred questionnaires on 
the administration of commercialls prepared dried plasma sersed as controls 


RESULTS 


Chemical Findings — The chemical data which have been accumulated during the 
past two }cars have been arbitrarilj divided into three anal) sis periods (table i), 
corresponding roughl) to the second year of storage, and the beginning and end of 
the third )car, rcspectiselv The changes in alpha-amino mtrogen (N) concen- 
tration (table 2., fig i) indicate a rise from 5 mg N per 100 ml in fresh plasma to 

about li mg N per 100 ml during the second j car of storage and not much further 

increase during the third sear The last four samples listed in table 2. are those 
mentioned above as not having been previously analyzed It will be obsened that 
the results of their anal) sis are within the range of the rest of the group and that no 
efl^ect can be attributed to multiple aseptic samplings 

The data on the nonprotein mtrogen concentration as determined from the z 5 
per cent trichloracetic acid filtrate (table 3, fig 2.) show a somewhat steadier in 
crease on storage than do the data on nonprotein nitrogen concentration as deter 
mined from the tungstic acid filtrate (table 4, fig 3) It will be recalled that the 
filtrate from the former precipitant includes pol> peptides as well as amino acids, 
whereas in the latter filtrate pol) peptides are absent but ammo acids arc still m 
eluded 1 “ The stabihzauon of the nitrogen content of the tungstic acid filtrate 
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during the third year of storage corroborates therefore the stabilization of the 
alpha-ammo nitrogen during the same period The difference between the nitrogen 
content of the tnchJoracetic acid and the tungstic acid filtrate has been termed the 
polypeptide index and appears to be a relatively accurate indication of the 
polypeptide content of a material As might be expected from the progressive 
increase in the mtrogen content of the trichloracetic acid filtrate and stabiliza- 
tion of the tungstic acid filtrate nitrogen, the polypeptide index also rises 


Table i — Analysts Periods for Chemical Studies of Stored Plasma 


Penod I 
(11 samples) 

Penod n 
(lo samples) 

Period III 
(b samples) 

Age (months) 

Age (months) 

1 

) 


Age (months) 


Aim j 

Jlai 1 

1 

Mm 

1 Afax j 

A\ 

Aim 

t Alax 

A\ 

1 

15 1 

1 

M 

1 i 

! 

M 

35 , 

18 

31 

39 

34 


Table l — Alpha ammo Phtref^tn Concentration sn Pooled Human Plasma at Three Analysts Periods 



Period I 

Period G 

Period III 

Lot no 

Age (mo ) 

Alpha ammo 
nitrogen 

Age (mo ) 

Alpha ammo 

1 nitrogen 

Age ^mo ) 

Alpha ammo 
nitrogen 


mg N/lOO ml 

J rag \/J00 ml 


mg N/lCOmI 

1544 

14 

12. I 

33 

1 11 8 

39 

11 4 

^57 3 

lO 

II 9 

^9 

13 0 

36 

ti 7 

15s 1 

lo 

14 0 

19 

15 5 

36 

14 1 

1S9 3 

lO 

“ 5 

^9 

1 N- 4 

36 

II 8 

L 95 6 

19 

II s 

l8 

11 7 

36 

11 0 

3S3 1 

18 

10 1 

x- 

II 0 

34 

10 5 

781 3 

15 

II 0 


I’- 3 

31 

II 8 

783-1 

15 

10 3 


It 3 

31 

10 5 

851 5 

15 

9 9 

M 

II 6 

31 

III 

S33 7 

15 

10 X 

14 

II 6 

31 

It 5 

836-3 

15 

9 0 

M 

' 10 0 

31 

9 9 

197 5 



35 

II 9 

38 

IL I 

190-4 



3 ^ 

13 3 

36 

IX 8 

191 4 



3 ^ 

II 8 

36 

II X 

1914 



3 ’- 

10 S 

36 

10 6 

Atcrage 

18 

III 

l8 

11 I 

34 

ti 7 


steadilj during the three years of storage (Stable 5, fig 4) recapitulate all 
these findings a summary table has been prepared which includes data on fresh 
controls (cable 6) 

Osnonietrtc Findings — Stored plasma is slightly but significantly more effective 
osmotically than fresh plasma (table 7) 

l^fscosttnetric Findings — The glucose and citrate which had been added to the 
natnc plasma in the course of its preparation complicated comparatue measure- 
ments, and control studies had to be made on water, saline, citrated saline con- 




462- PRESERVATION OF NORMAL HUMAN PLASMA IN LIQUID STATE 


Table 3 —NonproUm Nitroitn of 2 s% Tricbloraattc Acid Filtrates of Pooled Human Plasma at Thee 

Analysts Periods 



! Period I 

1 

j Period II 

^ Period III 



1 NTV 


1 \p\ 


NPN 


Ase (rao ) 

lAr-cTCA 

Age (mo ) 

2 ^%TCJi 

\ge (mo ) 

2AQ T CA 



i mg N /100 ml 


mg \/100 ml 


mg N/lOOml 

154-4 

M 

44 8 

33 

56 6 

39 

56 9 

^57 3 

zo 

41 1 

2-9 

57 0 

36 

58 5 

^59-- 

xo 

43 2- 

2-9 

61 0 

38 

58 2 

189-3 

xo 

47 7 

2-9 

55 5 

36 

57 4 

195-6 

19 

49 I 

18 

56 4 

36 

60 6 

383-1 

18 

35 7 

2-7 

50 I 

34 

61 X 

781-3 

15 

44 9 

2-t 

52 2- 

32 

61 7 

7S3 I 

15 

40 4 

2-4 

48 S 

32 

36 6 

852- 5 

15 

44 2- 

24 

46 5 

32 

58 9 

853-7 

15 

35 0 

24 

47 5 

32 

57 2 

S56-3 

15 

41 5 

24 

44 8 

32 

55 3 

197 5 



35 

50 7 

38 

58 3 

2-90-4 

1 


32- 

49 3 

36 

58 3 

191-4 



1 

49 8 

36 

58 3 

_9i 4 



32- 

47 7 

36 

61 4 

Average 

iS 

42- 5 

16 

51 6 

34 j 

58 3 


Table 4 — Nonprotein Nitrogen of Tungstic Acid Filtrates of Pooled Human Plasma at Three 

Analysts Periods 


Lot no 

Period I 

Period 11 

Period U1 

■Age (mo ) 

NPN 

TA 

! Age (mo ) 

\P\ 

Age (mo ) 

NPN 

mg N/lOO ml 

mg 

N/lOO ml 

mg N/lOO ml 

154-4 

24 

35 

3 

33 


39 

X 1 

39 

42 

0 

2-57 3 

xo 

32 

5 

29 


42 

3 

36 

39 

4 

159-1 

xo 

40 

0 

2.9 


42 

4 

36 

40 

S 

189-3 

10 

43 

7 

29 


43 

9 

38 

39 

0 

193 6 

29 

36 

9 

18 


43 

6 

36 

40 

3 

383 2 

18 

32 

6 

27 


33 

7 

34 

38 

1 

781-3 

23 

40 

4 

24 


45 

4 

32 

39 

7 

783-1 

23 

35 

6 

24 


39 

X 

32 

37 

8 

851-5 

25 

36 

3 

M 


38 

8 

32 

38 

5 

853-7 

2J 

35 

X 

24 


37 

I 

32 

37 


836-3 

25 

34 

4 

24 


38 

0 

32 

32 

3 

197 3 




35 


38 

3 

38 

37 

7 

1904 

192 4 




32 

32 


39 

37 

9 

0 

36 

36 

35 

58 

7 

191-4 




32 


3 « 

I 

38 

37 

5 

Average 

18 

36 5 

18 

39 4 

34 

37 

8 





PER 100 ML plasma ^ MG ALPHA -AMINO N PER lOO ML PLASMA 



The Eftect of Storage op Liquid Plasma for Periods up to 39 Months ov the Alpha-a'uno 
Nitrogen of the Picric Acid Filtrate 



AGE IN MONTHS 

Eftect of Storage of Liquid Plasnla for Periods up to 39 Months on the N P N 
Concentration or the 2. 5 Per Cent Trichloracetic Acid Filtr ste 
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Fig 3 The Eitect of Storage of Liquid Plasma for Periods up to 35 Months on the N P N 

&3NCENTRATION OF THE TuNOSTIC Actd FilTRATE 


Table 5 — Pclyptfttdc Indev of Pooled Human Plasma at Three Analysts Ptrtods 
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Table 6 — Summary of Cbtmtcal Studies on Pooled Human Plasma at Three 
Analysts Periods 



Fresh 

(Con 

tiol) 

(1-7 

days) 

Stored 

Stored 

Stored 


(Period I) 

(Period n) 

(Period HE) 


A> age 18 

Av age 28 

Av age 34 


months 

months 

months 

Nitrogen components 





mg nitrogen per 100 ml pUsma 




Colloid Osmotic Pressurc/Oncentratfon 

TiTic of plasma 

mm water/Gm 

protcm/100 ml 


Mean 

Standard Deviation 

Fresh specimens) 

44 6 

±0 6 

Stored (over i years) (ii speamens) 

48 6 

±0 4 

















Table S —Vtscastty Mejsjrtr-'rtj on Frtsb PucltJ P/jxr-j arJ StcriJ p,,UJ PUsr-i 
Mejsurtrrmtj at }7 S° C ± C 


Solution 

A\*enge 

glucose 

coTicen 

tratJon 

\o of 
Mm 
pies 


A\ 

proteml 

concen 

iration 

4 i pH 

^ 13 C 0 S 
(n) 

Kelat 

leiucojUrto 

months 

Cm /JCO 
ml 

ccnti 

poises 

KiO 

NaCl 

Citnic 

5 jr; 

Glucose 

0 15 M 
NaCl 

Citratcd sahne (0 15 M NaCl 
Na Citrate) 

5 ^c 




6 8 

7S3 


I 


Fresh atrated plasma ( 3*^ Na 

0 

X 

0 

5 45 


1 114 

I 63 

1 59 


Oente) 



dai) 









I 


5 5 



1 68 

1 60 



S^c 

6 

I 

5 35 

7 1 

1L.5 

I 79 

1 76 


Stored atrated plasma (3^ Na 

(T- 

5 

3 

37 

4 73 

6 7 

1 138 

I St 

1 7S 

1 5S 

Citrate) 

5 % 

I 

3S 

J Sg 

6 S 

I ^35 

I Sr 

1 78 

I 58 


5 */o 

J 

40 

4 55 

6 S 

1 361 

1 99 

1 95 

I 74 


5^ 

i 

41 

4 8S 

6 5 

1 _6o 

1 84 

1 Si 

I 61 


* Comparative data (measured at 37° C ) taken from Strumia M , personal communicanon 
t Actnal protein concentration, Gm /too ml of solution nneorrected for citrate and glucose 
dilution 



Fig 5 Electrophoretic Patterns OF Fresh Plassia (LososGORrH DiaO*a'u} 

Upper diagrams, rising boundaries J-Og er diagrams descending boundaries To the left 5/1 
added photographs taken after passage of 934 coulombs (approvimateh 4 5 hours at 17 ma plus n 5 
hours at iL ma ) To the right iahicd glucose-free, photographs taken after passage o 5^^ * 

(appro-umatcl) 5 hours at 40 ma plus 16 5 hours at 2_7 ma ) The dark sertical band above the 1 m 
bonndam in each of the lower diagrams was caused b) preapitation of potein dunng e ectrop o-c'i 
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taming 5 per cent glucose, and fresh citrated plasma with and without glucose 
In order to facilitate the interpretation of the data obtained, all the pertinent 
measurements have been tabulated (table 8) Included in the table is the onlp 
viscosity measurement on citrated plasma by another investigator that we have 
been able to hnd His measurement checks with our data The results indicate 
chat three )ear old plasma is slightly more viscous than fresh plasma but that the 
difference is of no practical significance 

Eketro-phorette Findings- — Krc)ci, Sweeny, and Sanigar have presented the Svens 
son diagrams elsewhere The Longsworth diagrams arc presented here (figs 5 
and 6) Patterns were made of fresh plasma containing glucose (fig 5), fresh 



Fig 6 Electrophoretic Patterns or Three Year Old Plasma 
z ^4 (Lonosworth Diagrams) 

Upper diagrams, nsing boundaries Loner diagrams, descending boundaries To the left in 5% 
glucose, photographs taken after passage of 756 coulombs (approximate!) 6 hours at x/ ma plus 16 
hours at 3 ma ) To the right dials acd glucose free, photographs taken after passage of 659 coulombs 
(approximate!) 4 5 hours at 40 ma plus 16 hours at o 1 ma ) The dark vertical band above alpha and 
beta boundancs in each of the upper diagrams ssas caused b) precipitation of protein dunng electro- 
phoresis 


plasma dialyzed glucose-free (fig 5), three year old plasma contaimng glucose 
(fig 6), and three year old plasma dialyzed glucose free (fig 6) The patterns 
show that at the end of three years storage there is a large increase in components 
'With the mobilities of alpha globulin and albumin at the expense of all the gamma 
globulin, all the fibrinogen, and part of the beta globulin Equally striking was 
the observation that the mobilities of the stored plasma were 10 to per cent 
greater than the fresh plasma and that the boundaries were broadened In an 
attempt to explain these findings, Krcjci, Sweeny, and Sanigar’® subjected fresh 
plasma to heat, and this was found to cause a similar increase of the alpha globulin 
fi’rt at the expense of different plasma constituents and without increase of the 
niobilitics or broadening of the boundaries 
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DISCUSSION 

The problem in me interpretation of these data is the determination of their 
climcal sigmficancc This question can, of course, be answered best b) a careful 
appraisal of the dimcal results obtained b} the administration of liquid plasma 
stored for various lengths of ume Inasmuch as until reccntl) the cvpiration date 
for liqmd plasma speafied by the Nauonal Institute of Health was one j ear and the 
present cvpiration date is eighteen months, admimstration of older plasma has 
proceeded slowl} To date, questionnaires on some 3,000 admimstrations of plasma 


Table 9 — A^c Distrtbution of Stmd Ltqtiid Plasma Sirsis 


Age of PUsma (months) 

Number of Administrations 

11-17 

1663 

18-13 

819 

14-19 

369 


184 

36-40 

39 

Total 

3384 


Mean age 19 6 mos. 

Standard deviation of the age distnbnaon 6 3 mos 


Table 10 — Companson of Pemntaff and Type of Untoward Statttons tn ifoe Adminrstrattons of Dried 
Plasma and }}S4 Admimstrations of Stored Liquid Plasma 


Tjpe of Reaction 

Dned Plasma 
percent 

Stored Liquid Plasma 
per cent 

Mild pyrogenic 

1 7 

0 oS 

Mild nrcicanal 

0 9 

0 03 

Mild nuscellaneons 

0 5 

0 30 

Moderate pyrogenic 

I I 

0 15 

Moderate urticarial 

0 7 


Moderate nuscellaneous 

0 0 

0 13 

Severe pjrogcnic 

0 X 

0 06 

Severe umcanal 

0 I 


Toral 

5 

0 S3 


more than a ) ear old ha\ e been anal} zed (table 9) The untoward reactions folloss - 
ing these administrations hase been contrasted (table 10} \sTth those following 
admimstration of dried plasma, the latter prcsumabl) being comparable to fresh 
plasma Possible reasons for the striking decrease of reactions with plasma storage 
ha's c been discussed pres lousl) ’ 

The stored plasma was reported bj the medical officers administering it to hast 
been as therapcuticall) cffcctne as fresh plasma These satisfactor} results arc 
not incomprehensible vhen it is considered that most plasma is administered be 
cause of Its colloid content and that the colloid content of stored plasma is to a 
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intent unchanged The maximal increase to date in the nitrogen content of the tn- 
chloracctic acid filtrate represents hydrol) sis to nonprotein size of only beuveen 3 
and 4 per cent of the original protein It is evident, however, that from the physico- 
chemical point of view more striking changes haxc occurred on storage These are 
most dramauc in the electrophoretic analyses but are also sigmficant in the os- 
raoraetne and viscosimetnc measurements The results of the latter two deter- 
minauons would appear to have little influence on the decision to permit the wide- 
spread clinical use of liquid plasma stored this length of time They indicate only 
that the plasma remains osmoticall) active and is of a viscosity which is practical 
for intravenous administration It is interesting to speculate on the possible 
reasons for the increase m viscosity which took place on storage Every other 
measurement we have made is explained by slight proteoljsis Proteolysis of 
protein, however, is generally stated to be accompanied by a decrease in viscosity 
Denaturation, such as precedes coagulation, on the other hand, is stated to be 
assoaated with a viscosity increase It appears, therefore, that in this case the 
viscosity is affected more by the slight denaturation which has taken place than by 
the slight hydrolysis 

The climcal implications of the electrophoretic diagrams arc important The 
complete disappearance of the gamma globulin component is in accord with pre- 
vious physiological studies' which have pointed out that blood coagulation factors 
and complement deteriorate rapidly on storage Since it is now known that most 
antibodies arc included in the gamma globulin fraction,^® it is evident that stored 
liquid plasma must never be used for immune properties or to supply blood coagu- 
lation factors in patients with hemorrhagic diatheses Even in patients with 
decreased blood volume who are receiving plasma for its colloid content, it would 
appear unwise to administer large amounts of plasma devoid of coagulation propicr- 
ties or complementary activity By overcnthusiastic use of stored liquid plasma 
the patient s globulin and prothrombin content may conceivably fall as a result of 
dilution in a way comparable to that which has already been described for al- 
bumin -1 

To summarize our clinical interpretation of these results, it may be stated that 
liquid plasma stored for periods up to three years would appear to be an adequate 
therapeutic agent to supply colloid of human origin It is believed that except for 
the fact that stored liquid plasma is relatively isotonic, whereas human serum al- 
bumin as supplied at present is hypertonic, the two therapeutic agents are quite 
similar m their clinical indications and precautions Both are preserved in the 
liquid state at room temperature Neither is known to supply much except a human 
colloid Neither should be used excessively 

Finally^ It must be emphasized again that liquid plasma even when containing 

acteriostatic agents may permit bacterial growth Accidental contaminants during 
preparation may multiplj to dangerous proportions during preservation for even 
s lort periods The technics of drawing blood and plasma preparation should be 
SMth dosed systems and meticulously aseptic Bacteriologic control must be 
scrupulous throughout 
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SU^ncLART 

I During prcscrvacion of human plasma in the hc^^uid state at room temperature 
for three years, the alpha-amino mtrogen and the nitrogen content of the tungstic 
aad filtrate rise slowlj until about nvo >ears have elapsed, after which time these 
levels do not increase significantly 

2. During the entire period of storage the nitrogen contents of the trichlor- 
acetic acid filtrate and the polypeptide inde\ increase progressuely The 
actual increase represents hy drolysis to nonprotein size of 3 to 4 per cent of the 
original protein 

3 The colloid osmotic pressure of stored plasma is slighth but significantly 
greater than that of fresh plasma 

4 The viscosity of stored plasma is slightly but significantly greater than that 
of fresh plasma 

5 The electrophoreuc patterns of stored plasma show inaeases of alpha glob 
ulin and albumin concentration, complete disappearance of gamma globulin 
{^containing immune properties) and fibrinogen, and some reduction of beta glob- 
ulin concentration as compared to fresh plasma 

6 Analysis of 3,384 questionnaires completed after administration of liquid 
plasma more than a year old indicates that the transfusion of such plasma con 
tinues to be safe and beneficial up to at least three years of storage The untoward 
reaction rate following these administrations was significantly less than that 
following a comparable series of 1500 administrations of commercially prepared 
dried plasma 


CONCLUSIONS 

I The chemical and physicochemical changes observed in the systems studied 
in properly prepared plasma stored in the liquid state at room temperature are of no 
more climcal sigmficance at the end of three years storage than at the end of eight- 
een months, the present National Institute of Health expiration date 

z Because at the end of six months storage, liquid plasma is detoid of blood 
coagulauon factors, complementary activity, and probably other antibodies, it 
should not be administered to patients with either hemorrhagic diatheses or in- 
fecuons and who require these components specifically Hence, it should be used 
chiefly^ for its colloid content and should be subject to the same precautions re- 
garding excessive dosage as is human serum albumin 
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PLATELET COUNTS AND PLATELET FUNCTION 


Ej Padt M Aggeler, M D , Jo\x Howard, A B ,* axd S P Lua^, M D f 
With the technical assistance of Edith Mills, M A 

IKTRODUCnOV 

T he frequent assoaation of thromhocttopcnia wnth increased capillart fragil- 
it\, prolonged bleeding time, and diminished dot retraction is well known 
However, there are few reports showing the exact nature of this relationship 
The prinapal reason for the lack of such data is the unreliabilin of the platelet 
count 

Under ordinart circumstances little attenuon is git en to the technical difhculties 
intohed in making an accurate count of the blood platelets The values obtained 
are often referred to textbook standards The normal range is usualh stated 
to be aoo,ooo to qoo,oco per cubic millimeter, and the critical let el of pathologic 
significance is t arioush given as 50,000 to 75,000 per cubic millimeter In actual 
practice it is found that the normal and cnucal let els of the platelet count tan 
depending upon the methods emplo)ed and upon inditidual tanations bettteen 
different techniaans In order to insure reliabihtt in the platelet count it is ncc- 
essat) chat it be done bt an experienced techmaan and that it be etaluatcd in 
terms of that inditidual s data regarding standards of normalm That this ideal 
has seldom been attained is obt lous from a review of the literature relating to the 
climcal significance of the blood platelet 

The present investigation was undertaken in order to determine the significance 
of reductions in the platelet count in terms of well-established normal standards 
and to define the relauonships which exist between the platelet count and the 
results of tests of the bleeding time, coagulation nme, doc recraaion, and capillan 
fragilit} The onl\ previous comprehensive stud\ of this subject that wc hate 
encountered is that of Tocantins,* which deals wnth expenmental thrombocito- 
pcnic purpura in dogs 


PLAN OF STDDT 

Observanons of the bleeding time, coagulanon nme, capillarv fragilitt , clot 
retraction, and platelet count were made on each of 64 normal subjects, and on 
404 patients suffering from various diseases Additional observanons were made in 
selected cases All of the platelet counts were done b> one experienced technician 
(EM) and the remaining tests w ere done under the direct supervision of P M A 
Each set of observations was done on the same dai and usuallp at the same sittine 

The assembled data, collected over a period of five years C193S-43), were sub- 

From the Division of Preventive Medinne, Umversirv of California Medical SJiooI San Fran 
asco California 

‘Assisted bv a grant from Mr and Mrs Frank Schtvabacher Mrs Kmv Xfcvberg, and Mrs Laurerce 
Mvers 

■j-Assisted bv a fond from the Columbia Foundaaon 
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jcctcd to statistical analysis by J H * * The technics emploj ed and the results of the 
analyses will be considered under their appropriate headings The normal values 
for each of the tests are given in table i The statistical relationships between the 
platelet count and the results of the various tests employed to determine platelet 
function are given in table 2. 


METHODS 

Platelet Count A separate set of blood-countmg apparatus was used exclusively 
for the platelet counts Capillary blood was obtained from a puncture wound in 
the lobe of the ear, care being taken to obtain a free flow of blood A red blood cell 
pipet was freshly rinsed with Rees and Ecker diluting fluid,'* blood was drawn to 


Table i — Nermal Values Based on a Stnf}e Series of Obsereattons on Each of 64 Subjects 


t Afcan 

Standard 

error 

of mean | 

1 

Standard 

dcMatioli 

Normal range 

Platelet connt per cn mm 

1 

1409,000 

1 

±8,500 

±68,000 

2.73,000 to 545,000 

Fluid volume of clot in per cent of total 

1 

i 



spearaen 

’ 7 9 

±0 75 

±6 0 

■ —4 I to 19 9 

Bleeding time in minutes 

1 3 2. 

±0 lO: 

±16 

0 to 6 4 

Capillary fragility in numbers of petechiae 




0 to 10 

Coagulation time in minutes 

8 9 

±0 34 

± 2 - 7 

3 5 to 14 3 


Table 1 , — Coeffcients of Correlation and Association between the Platelet Count and Tests of the Fluid Volume 
of the Clot, Bleeding Time, Cafillary Fragility and Coagulation Time The Ktsults are Based on C}z Series 
of Observations Made on 404 Patients Suffering from Various Diseases 



‘ Coefficient of correla 

tiOD 

' Coefficient of associa 
j tionCYulesQ) 

Fluid lolume of clot 

0 

0 

-H 

0 

1 

1 

\ 0 88 ± 0 01 

Bleeding time 

' — 0 59 ± 0 Oi 1 

1 0 87 ± 0 03 

Capillar) fragihty 

^ —0 38 ± 0 03 

0 70 ± 0 05 

Coagulation time 

1 —0 ± 0 04 

0 10 ± 0 16 


the o 5 mark, and the pi pet was filled with diluting fluid and shaken for 3 minutes 
After the counting chamber was filled, it was allowed to stand for exactly 10 
minutes The number of platelets seen in five small ruled squares of the chamber 
(the same areas used in the red blood cell count) was multiplied by 10,000 in order 
to determine the platelet count In all cases at least two chambers were counted, 
and in some cases as many as six chambers were counted and the results were 
a\ eraged 

Clot Retraction The fluid volume of the clot* was measured by a method described 
b> Aggeler, Lucia, and Hamlin ^ ® Five cubic centimeters of venous blood were 
placed in a 15 cc graduated centrifuge tube A cork, fitted wuth a copper wire bent 
in the form of a hook, was adjusted so that the hook w’as immersed in the upper 

Former!) called the cxtracorpuscular \ olumc of the clot 
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la)crs of the blood After coagulation of the blood had occurred, the tube \vas> 
placed in a water bath at 37° C for i hour The total volume (T) of the specimen 
t\as recorded and the retracted clot was removed by means of the wire hook The 
residual volume of serum (S) was then recorded, and the volume occupied b\ tlic 
dot (C) was found b) subtracting the serum volume from the total volume The 
per cent of the specimen occupied b> the clot was then calculated b) dn iding the 
clot volume by the total volume of the specimen and multiplying b) icxi The 
volume (PCV) occupied by the entire packed cellular elements of the blood (RDC, 
WBC, and platelets) was determined on a separate specimen b) Wintrobc s 
method ' The volume of the entire specimen occupied by fluid occluded within the 
clot (F^O was found by subtracting the packed cell volume from the clot volume 
per cent The entire calculation can be expressed by the following formulae 

T-S = C 

^ X 100 — PCV = F\^ (fluid volume of clot) 

Bleeding Time The Ivy method was employed ® A pressure of 40 mm Hg was 
maintained on the arm using a sphygmomanometer A puncture wound 2. mm in 
length and depth was made in the relatively avascular area of the forearm, just 
distal to the antecubital fossa The escaping blood was absorbed on gauze pledgets 
and the bleeding time was recorded to the nearest one-half minute 

CapUary Fragility The Dalldorf negative pressure method was emploicd “ A 
pressure of LOO mm Hg suction was maintained in a circular area, i cm in diam- 
eter, on the outer side of the upper arm, for i minute, and the number of pctcchiac 
produced was counted 

Coagulation Time The method of Lee and White was employed The tests were 
done at room temperature Two cubic centimeters of blood were placed in each of 
L dean glass tubes 8 X 75 mm in diameter The first tube was tipped genti) at 
one-half minute intervals until it could be inverted without spilling Then the 
second tube was tipped hkewise until it could be inverted The coagulation time 
was recorded as the interval between the injection of the blood into the first tube 
and the coagulation of the blood in the second tube 

RESULTS 

A Normal Standards and Distribution of Results in the Normal and Abnormal Group 

Platelet Count The values for the normal platelet count were mean, 409,000 
per cubic millimeter, standard deviation, 68,000 per cubic millimeter, normal 
range (M ± 2. tr), 2.73,000 to 545,000 per cubic millimeter The distribution of the 
platelet counts done on 64 normal subjects and on 404 patients suffering from 
various diseases is given in figure i 

Clot Retraction The normal values for the fluid volume of the clot were mean, 
7 9 per cent, standard deviauon, 6 o per cent, normal range (M ± 2.(r) —41 per 
cent to 19 9 per cent * The distribution of results of the clot retraction measure 

*Ncgaavc values ma) be due cither to the error of the mcthodortotightcr packing of the cr) cbioc} tc 
by the process of dot retraction than by ccntnfngalizauon at 3000 r p m for 30 minutes 
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lEcnc done on 64 normal subjects and on 404 patients suffering from various diseases 
IS gnen in figure l 

Bhcdiug Time The normal values for the bleeding time were mean, 3 2. nun- 

D Ip buti»n o-f n Subjects 

E 
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Fig Results of Clot Retraction Measurement 


utes, standard deviation, 1 6 minutes, normal range (M ± 2. u), o to 6 4 minutes 
The distribution of results of tests done on 64 normal subjects and on 404 patients 
suffering from various diseases is shown in figure 3 
Capillary Fragility There were 10 or less pctechiac in 92. per cent of the normal 
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subjects Studied, and this ^alue was accepted as normal The distribution of re- 
sults of tests of the capillary fragilitj done on 64 normal subjects ind on 404 
patients suffering from various diseases is given in figure 4 
Coagulation Time The normal values for the coagulation time were mean, 
8 5 minutes, standard deviation, 2. 7 minutes, normal range (M ± xcr), 35 to 14 3. 



0l Z5A56 73*5 lOlUZlSH 01X5-4 56761 10 tMllM4 J5 16 17 1ft 15 20 71 22 Z5i4 25 ft 5C»0 


njT trv* n M nut«« no T m* r»M nul 

Fio 3 Resiilts op the Blesdino Time Tests — Ivy Method 



Fio 4 Results OT Capili*ary Fragility Test — Dalldorf Method 


minutes The distribuuon of results of the coagulation time tests done on 64 normal 
subjects and on 404 patients suffering from various diseases is given in figure 5 

B Clinical Observations 

Primary Thrombocytopenia The results of the initial tests made on X3 cases of 
primary thrombocytopenic purpura arc given in table 3 Sixteen of the patients 
were females and 7 were males Their ages varied between 2. and 79 >>.ars le 
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duration of purpura was from a few da)s to X5 years The patients remained under 
our direct care for periods varying from a few weeks to 4 ) ears Many ^sere returned 
to other phjsicians after a short period of observation in our dime, and although 
additional information on their course is available to us, in this study we have 
used only the data collected in our own laboratorj 
The platelet counts during the active phases of purpura in all but 2. patients 
vaned between 30,000 and 190,000 per cubic milhmeter Within this range there 
appeared to be no sigmficant correlauon between the level of the platelet count and 
the severity of the bleeding In one patient (case iix, fig 6) the platelet count- 
varied between 30,000 and iao,ooo per cubic millimeter over a period of 2. years 
Her bleeding was of only moderate degree and was confined to the skin and oral 
mucous membranes The platelet count eventually became normal and all symp- 


D»*bnb',j*'»ori ef D tHniiufcn n 6 -'lObscrvaticm 

n 64N rm«l 5ub;«ct« ^ Suffer f rem Vartetzs D 



T m« n nutrt n A ni-tei 

Fio 5 Resui-ts or the Coaguiatiov Time Test — ^Lze anu White Method 


toms disappeared In contrast, another patient (case 176, fig 8) had platelet counts 
Vat) mg between 70,000 and 150,000 per cubic milhmeter over a period of 5 weeks 
During this tune he suffered from pctcchiac, ecchymoscs, epistaxis, retinal hem- 
orrhages, subpleural bleeding, gastrointestinal hemorrhage, bleeding into the 
nght maxillary sinus, and bleeding into the tissues of the neck, he finallj died 
of intracramal hemorrhage We have recently studied another patient (case 575, 
fig 8) who has suffered from petechiae and ecchymoses for the past 15 jears 
Ti\cnt)-five platelet counts done over a period of 5 months have varied between 
180,000 and 2.80,000 per cubic millimeter with an average of approximately 
^,oco per cubic millimeter On three occasions, in which the platelet 
counts were 200,000, 260,000, and 2.80,000, the bleeding tune was over 30 min- 
utes, clot retraction was ler}^ poor, and capillary fragihtj was markedly 
increased 
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The bleeding time was notablj prolonged in ever) ease in the senes, in ii of 
the L3 observations it was longer than 30 minutes Clot retraction uas markcdl) 
diminished in all eases the values for the fluid volume of the clot aaried be- 
tween 31 and 57 per cent The capillary fragilit) was increased in 18 of 13 cases, 
however, a marked increase (over 30 petcchiae) was present in onl) 15 cases 
The prothrombin concentration was slightl) reduced in 4 cases In z patients 
there was a sigmficant prolongation of the coagulation time We belies e that 


Table 3 — Primary Tbramhocytopentc Purpura — Initial Observations 


Case 

number 

Age in 
yean 

Sei 

Coagula 
tion time 
in 1 

minutes 

Prothrom 
bm concen 
tration in 
per cent of 1 
normal 

Platelet count 
per cujnm 

Bleeding 
tune in 
minutes 

Fluid 
\*olume 
of clot 
in per 
cent 

Caplllar> fragilit> in 
number of pctejhiac 

40 

40 

F 

7 

73 

70,000 

>30 

51 

show er* 

IIX 

79 

F 

7 

go 

170,000 

>30 

32 

76 

1x3 

X 

F 

3 

lOO 

50,000 

>30 

49 

0 

13 ^ 

IX 

F 

10 

8 o 

70,000 

>30 

31 

6 

165 

13 

M 


60 

120,000 

>30 

4l 

Shower 

176 

2-9 

M 

24 

75 

70,000 

>30 

51 

Shower 

186 

10 

M 

14 

go 

170,000 

>30 

42 

25 

^58 

63 

F 

9 l^ 

ZOO 

100,000 

>30 

38 

Show er 

i68 

58 

M 

26 H 

70 

190,000 

>30 

40 

Shower 

357 

19 

F 

12 . 1 ^ 

65 

190,000 

>30 

49 

60 

368 

18 

M 


So 

50,000 

15 

39 

51 

467 


F 

7 

ZOO 

80,000 

>30 

45 

3 

484 

18 

F 

834 

go 

95,000 

>30 

52 

Shower 

537 

18 

F 

7 

go 

80,000 

19 

39 

Shower 

34J- 

M 

F 

8 

65 

110,000 

>30 

40 

25 

556 

6 

F 

6 

85 

110,000 

>30 

40 

Shower 

557 

17 

F 

9 

j ZOO 

50,000 

>30 

42 

0 

563 

56 

F 

634 

zoo 

30,000 

>30 

47 

0 

365 

2.3 

F 


zoo 

140,000 

>30 

37 

14 

566 

16 

M 

zo 

85 

60,000 

>30 

32 

Shower 

567 

39 

M 

6 

zoo 

90,000 

>30 

37 

Shower 

570 

35 

F 

10 

go 

50,000 

>30 

57 

41 

573 

57 

F 

14 

go 

260,000 

>30 

36 

Shower 


* Shower indicates that the pctcchiac were too numerous to count accurately 


both of these instances were due to defiaent platelet function The ease of i pa- 
tient (176) has been reported in detail elsewhere “ 

The further course of the platelet count in many of the eases in this senes is 
given in figures 6-9 In figures 6 and 7 are shown 4 instances of spontaneous re- 
cover) In figure 8 the platelet counts in 4 patients who did not recover under 
conservative treatment are given The platelet counts m 6 patients subjected to 
splenectom) arc shown in figure 9 

Secondary Thrombocytopma The results of the initial tests made on iS cases o 
secondary thromboc) topcnic purpura arc given in table 4 Thirteen of the pallets 
were females and 15 were males Their ages \aricd betvi’ccn 8 and 65 )cars The 
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duration of the bleeding tcndenc} before coming under our observation was 
vanable but was in general shorter than m pnmar}* thrombocjaopenic purpura. 



Tir*.* fk 


Fio 6 Spontaneods Recovert irom Prim art THROMBOcrroPENic Poepora in an 8i Year Oix> Wouan 
All symptoms disappeared svheo the platelet coont rctnmed to normal 



Tim* nl/orttha 


Fig 7 Spontaneous Recovert from Pediart Thrombocttopenic Purpura 
In all patients the symptoms disappeared when the platelet count returned to normal 

Some patients developed purpura while under treatment m our clinic for rhe as- 
sociated diseases Many of the patients died of the underlying disease while under 
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our CETc Because of the nature of the conditions under which the data were col- 
lected, there is a preponderance of cases due to hematological disorders 
The initial platelet counts varied between 10,000 and 140,000 per cubic milli- 



Fio 8 Failure to Recover from Primary Thrombocytopenic Purpura under Covservativb 

Treatment 

Death in case 176 resulted from intracranial hemorrhage 



Fio 9 The Effect op Splenectomy on the Platelet Count in Primary Thrombocytopenic Purpura 
In all"*paticnts the symptoms disappeared immediately following the operation except m case 570, 
which termmated faally 8 hoars after splenectomy 


meter The average of the platelet counts was 140,000 per cubic millimeter as 
compared with an average of approximately 100,000 per cubic millimeter in 
pnmarp thrombocytopenic purpura 
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The bleeding nmc was markedly prolonged in 18 cases, moderately prolonged in 
7, slightly prolonged in 1, and normal in x Clot retraction was diminished in 
15 cases and normal in 3 Capillary fragility was markedly increased in 11 cases, 
slightly or moderately increased in 4, and normal in 13 The prothrombin con- 


Tadle 4 — Stcondary Thromboc^topcfitc Purpura — Initial Observations 


ThrombcKrj topcnia associated with 

g 

1 = 

I f 
0 

1 1 

' a . 

0 

C 1 

tc 

1 

1 

1 >- 

0 

tr 

Coagu 
lation 
tune in 
minutes 

Prothrombin concentra 
lion in per cent 

Platelet 
j count per 
cu mm 

1 

Bleeding 
time in 
minutes 

Fluid \olumc of clot 
in i>cr cent 

Capillarj 
fragilit> 
m numbers 
of 

petechiae 

Refractor) Anemia 

! 63 

34 

|f 

1 

75 

130,000 

>30 

1 

'55 

16 

Refractory Anerma 

Ii 53 | 

49 

M 

1 I I 

60 

100,000 

>30 

42 

1 ^ 

Refractor) Anemia 

ai9 

' 2-9 

If 

10 

76 

20,000 

>30 

60 

Shower* 

Refractor) Anemia 

2 - 5 L 

i 38 

F 

■•h 

' 7 ° 

130,000 

>30 

53 

1 38 

Refractory Anemia 

367 

36 

If 

' 2 a 34 

90 

190,000 

>30 

54 

1 Shower 

Refractory Anemia 

518 

' 44 

|M 

9 

75 

110,000 

>30 

'56 

10 

Refractor) Anemia 

516 

' 65 

M 

1 9 

1 60 

30,000 

>30 

49 

37 

Refractor) Anemia 

1 50 

42- 

|M 

9 

1 55 

160,000 

1 27 

50 

Shower 

Perniaous Anemia 

183 

56 

|F 

1 II 

60 

1 230,000 

' >30 

4 l 

0 

M)elophthisic Anemia 

116 

63 

IM 


35 

210,000 

14 

24 

0 

Multiple M)eIoma 

2-74 

52- 

M 

1 20 

1 95 

190,000 

12 

43 

15 

Infectious Mononucleosis 

2 - 2-5 

25 

M 

, loH' 75 

90,000 

>30 

54 

28 

Banti s S)ndrome 

’ 93 

8 

F 


90 

j 60,000 

8 

37 

30 

Acute Lymphatic Leukemia 

52- 

2-5 

F 

1 6 y , 

60 

1 190,000 

>30 

37 

0 

Acute L)mphatic Leukemia 

275 

16 

M 

1 7 

65 

j 70,000 

>30 

'46 

5 

Acute L)raphatic Leukemia 

| 2-73 

16 

M 

3K 65 

1 200,000 

1 >30 

39 

0 

Acute L)mphatic Leukemia 

49 ° 

10 

M 

6 

100 

70,000 

10 

9 

I 

Subacute Lymphatic Leukemia 

476 

32 

F 

SH 

100 

150,000 

>30 

33 

32 

Chronic Lymphatic Leukemia 

3 

60 

M 

5 

75 

40,000 

11 

41 

7 

Chronic Mj elogenous Leukemia 

II 

11 

F 

9 l^i 

50 

210,000 

X 

8 

0 

Chrome M) elogenous Leukemia 

3341 

1-8 

M 

8 

50 

230,000 

>30 

6 

I 

Chrome Myelogenous Leukemia | 

460 

61 

M 

16 

80 

230,000 

12 

55 

5 

Monocytic Leukemia 

2.11 

2.8 

F 

6 

50 

60,000 

>30 

59 

Shower 

Monoc)uc Leukemia 

396 

63 

M 

8 

90 

240,000 

>30 

36 

12 

X ray Therapy 

149 

45 

F 

9 

75 

90,000 

17 

27 

Shower 

X ray Therapy 

X48 

31 

F 

8 

80 

230,000 

>30 

53 

94 

Streptococcus Sore Throat 

,2-65 

11 

M 

7 

75 

170,000 

6 

27 

10 

Bismarsen Sensitivity 

42-8 

10 

F 

10 

75 

120,000 

12 

27 

Shower 


* Shower indicates that the pctcchiae were too numerous to count accurately 


ccntration was diminished in ix cases and normal in 16 The coagulation time was 
prolonged in x cases and normal in x6 

In figure 10 arc shown the platelet counts in a patient suffering from chrome 
my elogenous leukemia with terminal thrombocytopenic purpura, and the counts in 
a patient who developed thrombocytopeme purpura in the course of infectious 
mononucleosis and gradually recovered as the underlying disease subsided In 
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T m« n WUckth* T m* n)-tor\(K» 

Fio 10 

TEBAnuAL Thrombocytopenic Porpora in a Spontaneous Reco\-ert raoii Thrombocytopenic 
Patient Sueterino from Chronic Myelooenoos Purpura Associated with Iniectious Mononu 
LEUJCE snA ceeosis 



Fio II 

Secondary Thrombocytopenic Purpura Induced Secondary Thrombocytopenic Puepurs I 

IN A Sensitive Patient by the Administration in a SENSinsE Patient by the Administra 
of Neoarsephen amine of Sedor'hd 
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figures II and iz aic shown the platelet counts in 3 patients after the administra- 
tion of drugs to which they were known to be sensitive * Purpura developed in all 
patients when the platelet count was reduced and disappeared with rhe return of 
the platelet count to the normal range 

Thrombocjtopeiiia without Bleeding The results of the tests made on 19 cases of 
sccondar)" thrombocy^topenia without bleeding are given in table 5 As would be 
expeaed, the level of the platelet counts was in general higher than in patients 
with purpuric symptoms The average of the platelet counts was lio,ooo per 
cu mm as compared with 100,000 per cu mm in primary thrombocj topemc 
purpura and 140,000 per cu mm in secondary thrombocytopemc purpura The 
bleeding time was markedl) prolonged in 2. cases, moderately prolonged in 5, 



Fig 12. Secondary Thrombocytopenic Porpdra Induced in a Sensitive Person by 
THE Administration of Bismahsen 


slightly prolonged in 2., and normal in 10 Clot retraction was dimimshed in 8 
cases and normal in ii Capillary fragility was markedly increased in 6 cases, 
slightly increased in x, and normal in ii The prothrombin concentration was 
diminished in 4 cases and normal m 15 The coagulation time was normal in all 
cases 

Further studies on a patient with refractory anemia who suffered from throm- 
bocytopcnia without abnormal bleeding are shown m figure 13 It is interesting 
to note that during the period of rapid fluctuations in her platelet count, the 

*Thcsc cases have been reported in detail b> Dr Ernest Falconer,^ “ who has kindly granted ns per- 
mission to use his data The platelet counts were done bj the same technician responsible for the remain- 
der of the platelet counts in the present studv 
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Table 5 — Stcondary Tbrotnbecjtofenta without BJteJtui 


Thrombocj topcma associated with 

Case number 

Ase In years 

M 

C 

<j 

E 

c 

3 . « 

§e 

0 

Prothrombin concentra 
tion in per cent 

Platelet 
count per 
cujnm 

Bleeding 
time in 
minutes 

Fluid volume of clot in 
per cent 

d c 

^ B 

>‘•5 

e. n 

0 

l| 

!■= 

Chrome L)mphatic LeuLcima 

IX 

64 

M 

9 

95 

140,000 

4 

23 

5 

Chrome Ljmphatic LcuLemia 

149 

67 

M 

9 

100 

260,000 

5 

16 

32 

Chrome L>niphatic Leukemia 

361 

59 

M 

7 

100 

260,000 


52 

0 

Chrome Mjclo^cnous Leukemia 

545 

10 

M 

10 

95 

210,000 1 


5 

0 

L) mphosareomatosis 

58 

50 

M 


90 

130,000 

16>S 

M 

11 

Reaculocndotheliosis 

65 


M 

9 

75 

200,000 

14 

8 

64 

Refraetor) Anerma 

^3' 

48 

F 

13 

85 

210,000 

10 

25 

35 

Refractor) Anemia 

493 

17 

F 

9 

100 

260,000 

12)5 

52 

12 

Refractor) Anemia 

169 

XX 

F 

.014 

100 

100,000 

2414 

26 

Shower 

Multiple M)cloma 

IO4I 

43 

M 

10 

75 

210,000 

>30 

31 

3 

Banti s S\ ndrome 

I XX 

xo 

F 

8J4 

35 

190,000 


26 

I 

Primary Carcinoma of Liver 

386 

38 

M 

8 

50 

190,000 

7 

36 

Shower 

Portal Cirrhosis of Liver 

177 

18 

M 

11 

40 

160,000 

3Ji 

10 1 

5 

Obstructn c Jaundice 

371 

61 

M 

6 

75 

230,000 


'3 

0 

Ehabetes Melhtus 

98 

9 

F 

8 

60 

260,000 

5 

14 

0 

Toxic Ery thema 

130 


F 

9 

100 

250,000 


1 

0 

Psychoneurosis 

433 

36 

F 

sY 

100 

210,000 

4 

6 

4 

Anorcvia Ncr\osa 

318 

10 

F 

II 

95 

230,000 

£ 

I I 

1 

Internal Hemorrhoids 

4XX 

63 

M 

9 

75 

210,000 

1 ' 

9 

36 
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bleeding time was markedly prolonged, clot retraction was dimimshed, and cap- 
illary fragility was increased, regardless of the level of the platelet count 

Thrombocytoptma Complicatnig Other Hemorrhagic States The results of tests 
in 15 cases of thrombocytopema complicating other hemorrhagic condiuons are 
given in table 6 In man} instances the segregation of these cases from the group 
of patients classified as having secondary thromboc} topenic purpura was difficult 
Cases were included in this categor) if the further course of the patient s illness 
showed that thromboc} topenia was not the prinapal cause of the bleeding or if 
the thrombocytopema was found to be inconstant despite persistence of s}mptoms 
of abnormal bleeding The average of the platelet counts in this group (2x5,000 
per cu mm )i\as slightly higher than that found in secondar} thromhoc) topenia 


Table 6 * — Tbrombocytopenta Compltcattng Other Hemorrhaf^tc States 


Thrombocytopenia associated with 

1 

1 

5 e 

£ 

3 

c 

0 

9 

e 

1 

X 

1 5 1 
1 

C 

i, 

Ji 

1 

1 

C 

£ 

c 

|s 

11 ‘ 
§6 

Prothrombin conrentra 
don in per cent 

1 Platelet 

count per 
cujnra 

1 

Bleeding 
time m 
minutes 

1 

i 

1 

*0 

0 

"c S 

1 j: 

I 

c 0 

— t/ 

1 

1 -Sc 

175 

1 2 c 

5 " ^ 

w» 

Hemophilia 

1 1 

51 ^5 

;m 

' 1 

300 

100 

190,000 

434 

1 

II 

16 

Hemophilia 

399 

iH'M 

46 ' 

70 

250,000 

>30 

23 | 

0 

VonWillebrand s Syndrome 

4^5 53 ' 

F 

9 

100 

220,000 

9 

6| 

Shower 

VonWillebrand s Stndrome 

517 

6 

M 

9K 

75 ' 

190,000 

>30 

26' 

6 

Artenal H)pertension 

15 47 

F 

634 

100^ 

200,000 

13’4 

ol 

0 

Artenal H)pertension 

33 5 - 

M 

834 

100 

240,000 

>30 

181 

Shower 

Chronic P)eloncphntis 

373 

18 

M 

li 

100 1 

250,000 

1134 

4' 

I 

At)pical Purpura 

96 64 

M 

934 

90 

240,000 

6 

11 

33 

Art pical Purpura 

^14,33 

iF 

13-34 

65 

260,000 

6 U, 

47 

9 

Portal Cirrhosis of Liter 

2-7 53 

|M 

634 

25 

240,000 

834 


14 

Portal Cirrhosis of Liter 

178 55 


6 

30 ' 

180,000 

i 434 

34| 

0 

Portal Cirrhosis of Lncr 

31 - 941 - 

F 

8 

45 

200,000 

1 63^ 

52 

0 

Portal Cirrhosis of Liver 

482 

^8 

iF 

4 

35 

230,000 

1 6 

1 19 

3 

Subacute "icllow Atroph) of Liver 

453 38 

M 

934 

25 

' 230,000 

1 4 

15 

0 

Obstructi\ e Jaundice 

107 

65 

F 

834 

40 

260,000 

1 534 

24, 

15 


vithout bleeding The bleeding time was markcdl} prolonged in 3 cases, moder- 
ate!} prolonged in x, slightl} prolonged in x, and normal in 8 Clot retraction 
vas dimimshed in 7 cases and normal in 8 Capillar} fragilit} was increased in 6 
cases and normal in 9 The prothrombin concentration was reduced in 8 cases and 
normal in 7 The coagulation time was markedh prolonged in 1 patients, both 
of whom suffered from hemophilia 

Further studies on a patient wuth an hereditar} hemorrhagic s}ndrome who 
suffered from intermittent periods of thromboc} topema are showm in figure 14 
Twcnt\-si\ series of tests wxre done on this patient o\er a period of x }ears On 
c\ en occasion, regardless of the let el of the platelet count, the bleeding time was 
markedh prolonged and the capillan fragilit\ was increased Clot retraction was 
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Fig 14 Recurrent Thrombocytopenia in a Patient Supferino from an Hereditary Hemorrhaoic 
Sy’vdrome Characteri2xd by Increased Capillary Fragiuty and Markedly 
Prolonged Bleeding Time (Von Willebrand Ttpe) 



Fig 15 The AssoaATiov of Diminished Clot Retraction u^TH the Platelet Col ST 

quire \anablc, it tvas frcqucntl) decreased but appeared to bear no significant 
relationship to the level of the platelet count, it was sometimes diminished in t e 
presence of a normal platelet count and was sometimes normal in the presence 0 
marked thromboc} topema 





P M AGGELER, J HOWARD AND S P LUCIA 


487 


C Statistical Kdationshtfs 

Platelets and Clot Ketraction The coefficient of correlation between the platelet 
counts and the results of the clot retraction measurement was significant (—0 55 



Fio 17 The \ssoaATios OF Increa ED Capillary Fragilitt v,Trn THE Platelet CouvT 

± o 03), and the coefficient of association (Yule s Q) betw’een decreased platelet 
counts and diminished clot retraction (o 88 ±0 oi) ^vas also significant The 
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association of diminished clot rctracuon with the platelet count is shoiin in 
figure 15 

Platelets and Bleeding Tune The coefficient of correlation benvecn the platelet 
count and the bleeding time t\as significant (—0 59 ± o ol), and the coefficient 
of association (Yule s Q) bens een decreased platelet counts and prolonged blccdini; 
time taas also significant (o 87 ± 003) The association of prolonged bleeding 
time tMth the platelet count is shown in figure 16 

Platelets and Capillary Fragility) The coefficient of correlation between the 
platelet count and the results of the capillarj fragilic\ test was significant (—0 3S 
=h o 03), and the coefficient of association (Yule s Q) betw'cen decreased platelet 
counts and increased capillart fragilin was also significant (070 it 005) The 



Fig iS The Assoctat/on' of Proi^nged Coagulation Time warn the Platelet Count 

association of increased capillar) fragilit) aaith the platelet count is shown in 
figure 17 

Platelets and Coagulation Time There w'as no significant correlation betas ten 
the platelet count and the coagulation time and no significant association 0/ 
thrombocytopema with prolonged coagulation time The coefficient of correlation 
was — o zi ± o 04, and the coeffiaenc of assoaation (Yule sQ)ozo±oi6 The 
association of prolonged coagulation time avith the platelet count is shown in 
figure iS 

DISCUSSION 

The Normal Range and Critical Level of the Platelet Count 

In an) bleeding tendcnc), the uncquiaocal demonstration of a reduction in the 
platelet count is significant This does not preclude the possibilit) that ot cr 
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factors might contribute to the bleeding tendency, nor does it imply that all in- 
stances of thrombocytopenia are accompamed b> abnormal bleeding However, 
when the platelet count is reduced, there is at least a theoretical possibility that 
the patient will bleed more readily than would a patient with a normal platelet 
count Even slight reductions in the platelet count are therefore of prognostic 
significance 

Although It has been emphasized that the normal platelet count in man may 
vary between 100,000 and 1,000,000 per cubic millimeter, depending upon the 
methods employed,’'* the normal range is usually given as eoo,ooo to 400,000 per 
cu mm Furthermore, it is not generally appreciated that there may be wide 
variations in the results obtained by different observers, each using the same 
method of counting The individual differences appear to depend upon the micro- 
scopic technic and visual acuity of the observer We are convinced that it is im- 
possible to standardize the platelet count so that the results of even expert techm- 
cians will not show sigmficant variation We are equally certain, however, that 
with practice and constant attention to technical details the results of a single 
technician may attain a high degree of reliabilit) Because of these individual 
variations, it is impossible to state the normal range of the platelet count for any 
given method in values that would be universally acceptable Values which would 
be well within the normal range when obtained by one technician might be grossly 
abnormal if found b) another The only solution to this problem appears to be 
for each observer to establish his own standards of normality In our laboratory 
during the period of this study the normal range was ^73,000 to 545,000 per cu 
mm 

There have been few statistical analyses of the normal platelet count reported in 
the literature It is interesting to compare our values with those given by Tocan- 
tins,’^ whose figures for cutaneous blood on 40 joung adult white male subjects 
were mean, 150,000 per cu mm , probable error of mean, 7,458 per cu mm , 
standard deviation, 58,500 per cu mm The normal range (M ± lo-) using these 
values would be 133,000 per cu mm to 367,000 per cu mm It is obvious that 
platelet counts which would be grossly abnormal by our standards might be well 
within the normal range found by Tocantins Yet the reliability of our values as 
compared with those of Tocantins, using the same statistical methods of analysis, 
IS almost identical These results furmsh abundant proof of the necessity for 
individual standardization of the platelet count 

If It IS difficult to give a universally acceptable normal range, it is equally difficult 
to define the critical level of the platelet count below which the patient is likely 
to manifest symptoms of purpura It is obviousl) not a fixed value such as 50,000 
to 75,000 per cubic millimeter, as is so often stated in the literature In our lab- 
orator) the critical level of the platelet count was found to be approximate!)^ 
190,000 per cu mm in primat)^ thromboc) topenic purpura and 2.30,000 per cu 
mm in secondar) thromboc) topenic purpura With platelet counts between 2.30,- 
000 and 170,000 per cu mm , abnormal bleeding was usuall) either not present 
or was associated with some cause other than the reduced platelet count How- 
c^cr, in a ver) few^ instances classical thromboc) topenic purpura was observ^ed 
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iMthin this range of platelet counts The term critical le\cl of the platelet count 
should therefore be used onlj to signifj the usual le\el at which sjmptoms of 
purpura are likely to appear It should not imply that thromboc) topenic bleeding 
mai not occur with platelet counts above the critical lei el 

Clot Ke/raetton 

The mechanism whereb) the platelets affect clot retraction has been carefulh 
studied by Tocantins After coagulation of the blood has occurred, intact plate 
lets migrate toward the fibrin strands and become adherent to them These masses 
of clumped platelets form nuclei from which new needles of fibrin radiate Within 
a short time many of the platelet groups fuse and thus cause the fibrin strands to 
become twisted, bent, and shortened It is m this manner that the fluid is expressed 
from the clot, making it a firm, dense, elastic bod} 

The most frcqucntl} observed cause of diminished dot retraction, other than a 
low platelet count, appears to be a lowered prothrombin concentration Bo}ce 
and McFetridge'" noted diminished clot retraction m patients suffering from ob- 
structne jaundice, and Aggeler and Lucia*® found a correlation coefficient of o 450 
± — o 09 in 85 paired determinations of the clot retraction and the prothrombin 
concentration on a group composed of 3 normal subjects and 41 patients suffering 
from obstructive jaundice or diseases affecting the liver In a more recent anal} sis 
of a larger series of determinations* we have found no significant correlation of 
clot retraction and prothrombin concentration, nor any significant association of 
dimimshed clot retraction with h}poprothrombincmia, either in a group of 
patients suffenng from various diseases, or when the group studied was restricted to 
panents suffering from obstructiie jaundice or diseases affecting the liver It was 
onl} in the determination of the correlation ratio in a group restricted to patients 
suffering from obstructive jaundice that a significant relationship was found 
Since man} of our patients suffered from obstructive jaundice, it is probable that 
some of the observations of dimimshed clot retraction in our series are associated 
with hypoprothrombinemia and are not related to platelet function 

Another factor, seldom appreciated, which may influence quantitatne measure- 
ments of clot retraction, is the relauonship between the coagulation time of the 
blood and the suspension stabilit} of the erythrocytes When the coagulation 
time IS markedly prolonged, as in hemophilia, or the sedimentation rate is c\- 
tremel} rapid, as in multiple m}eloma, the er} throcytes may settle to the bottom 
of the test tube before the blood has coagulated, producing a buff} coat clot 
Because the upper parr of such a clot is rclativel} free of er} throcytes, the space 
berween the interlacing strands of fibrin is occupied principally b} occluded fluid 
We haie repeatedl} demonstrated that the fluid occluded within the clot of pa- 
tients suffering from hemophilia can be markedly reduced b} transfusion of whole 
blood or plasma The resultant shortening of the coagulation time results in 
disappearance of the buff} coat with its relativel} large pool of fluid It is prob- 
able therefore that some instances of diminished clot retraction in our scries arc 
due either to dela} ed coagulation of the blood or to i er} rapid sedimentation of the 

‘Unpublished data 
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cr)"throcyres, or to both It is even possible that the significant correlation ratio 
found between the prothrombin concentration and clot retraction in obstructive 
jaundice may be due to these factors 

The effect of a deficient concentration of fibrinogen on clot retraction appears 
to be of little practical importance since so few instances of this abnormality are 
observed in climcal practice When the fibrinogen is markedly dimimshed there 
will be formed onlj a few strands of fibrin which are incapable of binding the 
cellular elements of the blood into a clot It is possible, however, that slight or 
moderate reductions in the fibrinogen concentration might result in the formation 
of a clot which would be defective in its ability to retract We have not studied this 
specific problem In every patient in our series there was a sufficient amount of 
fibrin formed to produce a defimte coagulum Fibrinogen determinations were done 
on approximately loo patients, and although many high values were recorded, 
none wxre abnormally low However, since fibrinogen determinations were not 
done on all patients, it is possible that some instances of dimimshed clot retraction 
were due to deficiencies in this factor The converse appears not to be true, there was 
no sigmficant association of high fibrinogen concentration with normal clot 
retraction 

An vicrcastd degree of clot retraction appears to be an impossibility since a normal 
clot may be totally devoid of occluded fluid It is interesting to note, however, 
that diminished clot retraction occurred only once in 48 observations in which the 
platelet count was higher than the upper limit of its normal range This finding 
suggests that if enough platelets are present they may overcome practically all 
influences tending to produce dimimshed clot retraction 

Increases in the rate should be distinguished from increases in the degree of dot 
retraction Hirschboeck-“ has devised a method for detecting an increased rate of 
retraction which is stated to be of value in detecting the probability of throm- 
bophlebitis or pulmonary infarct Tocantins test-’ is also, to some degree, de- 
pendent upon the speed of retraction of the clot 

Aggcler and Lucia^- have recently disproved the contention of Rabinowitz-* 
that clot retraction may be influenced by various amino acids 

Bleeding Tune 

The mechanism whereby the platelets influence the bleeding time is obscure 
The immediate cessation of bleeding is caused by retraction of the capillaries in 
response to injury and is not due to thrombus formation, coagulation of the blood, 
or retraction of the blood clot Macfarlane-’ bclietcs that failure of the capillaries 
to retract in thrombocytopenic purpura may be a coincidental abnormality, not 
causally related to the platelet count 

In the absence of thrombocytopenia, the principal conditions in which a pro- 
longed bleeding time was found were familial purpura (Von Willcbrand type), 
obstructne jaundice, diseases affecting the liver, malignant hypertension, diseases 
affecting the kidneys, subacute bacterial endocarditis, and disseminated lupus 
cry thematosus It is probable that in many of these conditions the prolonged bleed- 
ing time was due to vascular abnormalities not related to platelet function In a 
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few jnstanccs the prolonged bleeding time associated with i low prothrombin 
concentration returned to normal when the prothrombin concentration was 
elevated following the administration of vitamin K Since in most of the instances 
in which this occurred there w'as no other change in the status of the patient, one 
must conclude that defects in the blood coagulation mechanism can iffect the 
bleeding time Howe\er, this is probabl} true onh if other purpurogenic factors, 
not sufficient in themsehes to prolong the bleeding time, are also present We ha\e 
likewise occasionalh obseiaed a prolonged bleeding time in hemophilia, and in all 
instances in w-hich this occurred there w'as ample eMdence of a concomitant 
Tascular abnormalit) The ma)orit\ of the determinations of the bleeding time 
in untreated hemophilia were normal 

Capillary Fragility 

The mechamsm wffiereb\ the platelets partiapate in maintaimng capillan 
continuit) IS unknown It has been suggested that the platelets ma) protect the 
capillaries by accumulating along weakened spots in the endothelium, thereb} 
acting as a seal, hindering the escape of red blood cells Quick'’" belie\cs that the) 
ma) funcuon b) remosing from the blood a histamine like compound which in 
their absence w^ould accumulate and cause undue ^ ascular dilatation 

The most frequent cause of increased capillar) fragilit), other than thromboc)- 
topcnia, is marked vitamin C deficienc) The plasma vitamin C level was tested in 
a large number of the patients in our senes Man) were found to have low \alues 
In some the capillar\ resistance increased after treatment with Mtamin C Some 
instances of increased capillar) fragilit) in our senes can therefore be attributed to 
Mtamm C dcficienc\ and are not related to deficient platelet function 

Szent-G) orgi-' has recenth desenbed another factor, vitamin P, which is 
reputed to be superior to \ itamin C in the pre^ ention of bleeding due to increased 
capillar) fragilit) How es er, since its vitamin nature has not been established, one 
cannot state that iitamin P deficienc) is a cause of inaeased capillar) fragihti 
No imestigations regarding Mtamm P were conducted in our patients 

It IS probable that man^ instances of increased capillar) fragilit) in our scries 
were due to the presence of i asculo-tovic substances The results of the tests ma) 
also have been influenced b) the thickness, color, and texture of the skin 

BJood Coagulation 

lashed blood some of the platelets break up to suppl) thromboplastin, which is 
ncccssar) for coagulation of the blood Onh a few normal platelets arc required to 
fulfill this function Hence the coagulation time is usuall) normal in the presence of 
thromboc) topcnia but ma\ be prolonged if the platelets arc dcfcctnc 

Despite the absence of a significant statistical relationship between the coagula 
tion time and the platelet count there arc instances reported of prolongation of the 
coagulation time in thromboc\ topeme purpura We have rcccntl) obsened a case 
in which the coagulation time was found to be as long as 175 minutes " All other 
causes of dcla)cd coagulation of the blood were excluded b) appropriate tests, 
and we concluded that the prolonged coagulation time in this case was due to 
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deficieni: platelet function It is probable that other instances of prolonged coagu- 
lation time associated with thrombocj topcnia in our series maj be due to deficient 
platelet function Whether the coagulation defect in these cases is identical with 
that found in hemophilia is problematical The most commonl) accepted 
h}pothesis of the pathogenesis of hemophilia is that it is due to thromboplastin 
deficiencv caused b) a decreased rate of lysis of the platelets On the other hand, 
the group working at the Thorndike Memorial Laboratorj beliete that the 
defect in coagulation is due to the absence of a substance which is normall} present 
in the globulin fraction of blood 

Dclajed blood coagulation ma) be caused bj defiaencies of anj of the elements 
concerned in coagulation or b) the presence of anticoagulant substances Man} of 
the prolonged coagulation times in our series were associated with \cr} low pro- 
thrombin concentrations Although calcium and fibrinogen concentrations were 
tested only where the} seemed indicated, we feel confident that in no case was a 
reduction of these factors responsible for dela}ed coagulation of the blood There 
tvere several instances of prolonged coagulation time in patients is ho suffered from 
uremia, and it is possible that the} were due to the retention of anticoagulant 
substances by the diseased kidneys Patients who had been gnen anticoagulants 
(dicumarol or heparin) were not included in this senes 

Laboratory Tests m the Diagnosis of Thrombocytopenic Purpura 

In all cases of primar} thromboc} topemc purpura observed in our dime dunng 
the active phases of bleeding, clot retraction was definitel} diminished and the 
bleeding time was markedl} prolonged In approximate!} three fourths of the 
cases capillar} fragilit} was increased However, in the stage of recover} , either 
spontaneous or induced b} splenectom} , the results of one or all of these tests were 
sometimes found to be normal before the platelet count had returned to the normal 
range 

In a few patients suffering from secondar} thromboev topemc purpura during the 
active phase of bleeding, the tests of the bleeding time or clot retraction were 
normal Only half of the patients in this group exhibited increased capillary 
fragilit} 

In the group of patients who suffered from secondary thromboc} topenia without 
abnormal bleeding, or from thrombocytopenia complicating other hemorrhagic 
states, in less than half of the patients the tests of the bleeding time, clot retraction, 
and capillary fragilit} w'ere abnormal, and in general the degree of abnormalit} 
was less than that observed in primary or secondarv thrombocy topemc purpura 

Our data suggest that when hemorrhagic sv mptoms are associated with either a 
normal bleeding time or normal clot retraction, the} are not due to primary throm- 
boc} topemc purpura unless recover} is imminent The conv^erse is not true, the 
presence of marked abnormalities in the bleeding time, clot retraction, and capillar} 
fragilit} docs not exclude a diagnosis of secondarv thromboc} topemc purpura 
The implications of these findings with regard to splcncctomv arc obvious if all 
of the corollarv tests arc abnormal, splcncctomv should be seriouslv considered, 
if the bleeding time or clot retraction is normal the possibilitv of spontaneous re- 
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cover) should be considered hkel) and splenectom\ should probabl) be\MthhcId 
These observations are predicated on the use of the same laboratot) technics as 
■were eniplo)ed in this stud) 

Thrombastbemc Ftirpiiras 

There is a group of nonthromboc) topenic hemorrhagic s) ndromes characterized 
either b) prolonged bleeding time, diminished clot retraction, increased capillar) 
fragiht) , prolonged coagulation time, or a combination of these abnormalities ” 
It has been suggested that some of these conditions mav be due to deficient platelet 
function or thrombasthenia No comincing experimental evidence has been 
presented to prove this contention A diminution in the function of the total mass 
of platelets, because of their decreased numbers, is frequentl) associated with 
prolonged bleeding time, dimimshed clot retraction, and increased capillar) 
ffagilit) In the majorit) of patients in the actne phases of primar) or scconJar) 
thromboc)'topenic purpura all three of these abnormalities are present In the stage 
of recoter) from these diseases, some patients ma) be observed with normal plate- 
let counts but with persisting abnormalities in one or all of the above mentioned 
tests Such a condition might be termed thrombasthema Hovi’evcr, this state 
IS seldom accompanied b) any purpuric S) mptoms and is usuall) followed within a 
short time b) complete recoven We have observed one patient suffering from an 
hereditan hemorrhagic state characterized b) a markedl) prolonged bleeding time 
and increased capillar) fragilit) (Von Willebrand s s)ndromc) who had recurrent 
periods of thromboc) topcnia However, his hemorrhagic s) mptoms were of ap- 
proximatel) the same intensit) regardless of the le\el of the platelet count Clot 
retraction measurements w'ere variable It is difficult to state whether the pro- 
longed bleeding time and increased capillar) fragilit) in this patient were due 
to thrombasthema or to an independent sascular abnormalit) The recurrent 
periods of thromboc)’Topenia would suggest a fundamental platelet defect 

Dunng the entire period of this stud) we have observ'ed no patients suffering from 
a hemorrhagic s) ndrome charactenzed solel) b) diminished clot retraction (Glanz- 
mann s s) ndrome) 

The statistical data presented in this paper neither prove nor disprove the con- 
cept of thrombasthenia Rather, the) suggest that there is some variation in the 

functional capaatv of platelets in different individuals and in the same individual 
at different times but that this variation is probabl) confined within relativcl) 
narrow limits 


SUMMARY 

Determinations of the platelet count, clot retraction, bleeding time, capillar) 
fragilit) , and coagulation time were made in 64 normal subjects and in 404 patients 
suffering from various diseases 

The normal values for the platelet count done b) an experienced technician using 
the Rees and Ecker method were mean, 409,000 per cu mm , standard deviation, 
6 S,ooo per cu mm , normal range (M =fc xo-), 173,000 per cu mm to 545,0=0 per 


cu mm 



P M AGGELER, J HOWARD AND S P LUCIA 


495 


There was a statistically significant relationship between the platelet count and 
the results of tests of clot retraction, bleeding time, and capillarj^ fragility, but 
there was no significant relationship between the platelet count and the coagu- 
lation time Factors other than platelet count or platelet function which maj in- 
fluence the results of these tests are discussed 

The critical level of the platelet count, below which abnormal bleeding is Iikel) 
to occur, was found to be approximately 190,000 per cu mm in primar) throm- 
boc)T:opemc purpura and 130,000 per cu mm in secondary thromboc} topenic 
purpura However, platelet counts as low as 100,000 per cu mm were found in one 
patient without abnormal bleeding, and counts as high as 180,000 per cu mm were 
found in another patient with classical primary thrombocj'topemc purpura 

In all patients in the active phase of bleeding in primary thromboc}T:opemc 
purpura and in most with secondary thromboc^ topemc purpura, the bleeding time 
was markedly prolonged and clot retraction was defimtely dimimshed In ap- 
proximately one half of the patients suffering from thrombocytopema without 
bleeding or from thrombocytopema complicating other hemorrhagic states, the 
results of these tests were abnormal Capillary fragility was increased in ap- 
proximately three fourths of the patients with primary thromboc} topenic purpura, 
one half with secondary thrombocj topenic purpura, and less than one half with 
thrombocytopema without bleeding or with thrombocytopema complicating other 
hemorrhagic states 

In the stage of recover} from thrombocy topemc purpura, dissoaation of the 
results of the various tests was sometimes found In some patients the platelet 
counts returned to normal but abnormalities persisted in the tests of the bleeding 
time, clot retraction, or capillar} fragility In other patients the results of one or 
all of these tests returned to normal before the platelet count had reached the 
normal range These results have been interpreted as evidence of variability in the 
functional capacity of the platelets 
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PSEUDOHEMOPHILIA 


Case Stud^* 

Woodbury Perkins, Lieut , M C , U S N R 

INTRODUCTION 

A CASE of a hereditary hemorrhagic disease has been studied and is recorded 
pnmarily because the family history offers an unusually good opportunity to 
trace the genealogical background in this particular instance The only persistent 
abnormality found has been prolongation of the bleeding time Such a condition, 
which IS often hereditary and is characterized chiefly by a prolonged bleeding time 
in the presence of normal platelets, has been previously described and referred to 
as pseudohemophilia, ^ ^ or hereditary hemorrhagic thrombasthenia ’ ^ 

Report of Case 

The patient, a zo )car old white American bom male, was admitted to the hospital svith a swollen, 
pamful left knee, which had been twisted 5 dajs prewiousl} in a baseball game AJraost immediate 
swelling followed the trauma He was treated conscrvauvely by the famil) ph)siciaii nntil 3 days pnor 
to admission, when the joint was aspirated with remosal of clear, straw colored fluid Because of re- 
currence of joint pain 3 days following this tap the patient was hospitalized and a second aspiration was 
done with removal of blood The role of a blcedmg tendcnc) in the etiolog) of this hemanhrosis was 
suggested when the patient continued to ooze fresh blood into his dressing for at least 12 . hours followmg 
this second aspiration 

Ph) sical exammation ret ealed a w ell dei eloped and nourished ) oung man in considerable discomfort 
The temperature was 100° F , pulse rate 90 per minute respirauons 24 per mmute blood pressure, 
136/90 mm Hg The slon showed ecchymoscs over both deltoid areas where he had received injections 
of penicillin There were no petechiae cither before or after application of a tourniquet to the arm Heart, 
lungs, abdomen were not abnormal Lit cr and spleen were not palpable The left knee was acutclj tender 
and swollen It was observed that both hands went mto spontaneous mtermittcnt carpal spasm and that 
the Chtostek sign was stronglj positive There was no pedal spasm Trousseau s sign was negative 
Ph\ sical examination was otherwise negauve 

Initial laboratory studies were as follows RBC, 3 40 miUion Hb 16 Gm per cent, WBC, 12,700 
per cu mm , pol)morphs, 82 per cent, I) mphoc3 tes 17 per cent, monocytes i per cent, platelets, 300 000 
per cu mm Bleeding nme 23 rmnutes plus (not tuned after 25 mmutes, but still actively blcedmg} 
Clotting time, 7 minutes (capillar) tube method) Serum calcium 7 36 mg per too cc X-ra> of the knee 
showed esidcncc of increased s)'nOMal fluid 

At this time the nature of his illness was not understood His knee appeared to have stopped blcedmg 
24 hours after the aspiration The acute problem was the presence of tetan) Penicilhn rherap) was 
discontinued and be was gisen calcium lactate i gram orall) dailv and ntamm K (Svnkayvitc) 5 o 
intramuscularl) dail) 

Further blood studies were then made o\cr the period of his 7 weeks hospitalization The serum cal 
emm became normal The onl\ persistent abnormalit) was the prolonged bleeding time These studies 
are discussed morefulK below 


*This article has been released for publication bv the Division of Pubheauons of the Bureau of Med 
icine and SurgcT) of the United States Navy The opinions and news set forth m this article arc 
tho^ of the writer and arc not to be considered as reflecting the poliaes of the Nan Department 
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PAIT HISTOKT 


Inqair) into past illncssas revealed that the patient had been a bleeder since about i )car of age 
His first episode of uncontrollable bleeding occurred when he was learning to walk and fell, cutting his 
lip He bled for a to 3 dajs despite medical aid He had always bruised easil), had spontaneous cpis 
taxis, and bled profuselv when losing his deciduous teeth Since childhood he had had 8 to 10 hospital 
admissions for the numerous bleeding episodes In recent )ears, however, there had been a definite 
diminution in the severity of the abnormal bleeding He had never been operated upon There was no 
history of genito-urinary or previous joint hemorrhage Following several davs of vomiting with 
sea sickness while in the Navy he noticed red blood in the vomitus on one occasion Some years ago he 
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had had intermittent bleeding hemorrhoids, bat ne\cr noticed more than occasional spotting Other 
forms of gastrointestinal bleeding had not occurred There had been no heraopC)si$, even during an 
attack of mild pneumonia 5 } cars ago 

The presence of carpal spasm with a low scrum calaum brought forth a historj of several prcMOus 
sinular episodes when I get ciatcd and during the period of protracted vomiting with sca-siclmcss 
Dictar) histon revealed that since childhood he had been a touchi cater but had subsisted mostl)* 
on milk fruits and meats 


FAMILY HISTORI 

One of the most unusual features of this case scud} has been the famih histor\ , 
for the patient is the fifth of a direct line of males to be a bleeder This famiK 
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history can best be reviewed with reference to the genetic chart The accessibility 
and cooperation of the whole family has made this study possible 


No I — The patient 

No 2- — ^An i8 month old boy, half brother of the patient, the son of the patient s father and the 
latter s second wife His observed bleeding ume was i hour lo minutes His parents reported that he bled 
for another z hours after the test had been performed On this date his blood count was RBC, 4 6z 
million, Hb 15 Gm WBC, 18,00, P 37, L 57, E 5, M i Platelets, 114,000 per cu mm (Other platelet 
counts done this same day by the same technician on controls ranged between iio,ooo and 180 000 ) 
This child underwent an uneventful circumcision a few daj s after birth No historj of bleeding episodes 
prior to this date 

No 3 — ^An 8 year old girl, true sister of No z, half sister of No i (the patient) Bleeding time less 
than 3 minutes Blood count and platelets normal No history of abnormal bruising epistaxis, bleeding 
from tooth sockets, nor excessive bleedmg following tonsillectomy at age of 6 years 

No 4 — A 3 year, 8 month old boy, first cousin of the patient Bleeding time 1 minutes 15 seconds 
No history of abnormal bleeding Underwent an uneventful tonsillectomv at 19 months, prior to which 
operauon the bleeding time was tested and reported normal 

No 3- — A 10 y ear old girl first cousin of the patient Bleeding time 1 minutes No history of patho- 
logical bleedmg Uneventful tonsillectomy at age of 4 years, pnor to which operation bleeding ume 
was tested and reported normal 

No 6 — ^The pauent s mother, who is living and well No history of abnormal bleeding at delivery, 
easy bruismg, epistaxis, nor of bleeding after extraction of teeth Menstrual history normal She sutes 
there was no history of abnormal bleeding in her siblings or her parents She and the pauent s father 
No 8, were divorced several years ago 

No 7 — ^Stepmother of the patient, the father s second wife, the mother of No z and No 3 No 
history of abnormal bleedmg 

No 8 — ^The pauent s father, aged 48, also father of No z and No 3 Definite past history of patho 
logical bleedings, e g , spontaneous episuxis lasting z to 3 days, easy bruising bleeding after extraction 
of teeth lasung z to 3 days His bleeding tendenev has diminished m sev eritv in recent y ears He has not 
had a spontaneous nosebleed in about zo years Bleeding time 40 mmutes Clotting ume 5 mmutes (Lee 
BTute method) Clot reuacuon complete reuaction from edges and bottom of test tube in i hour zy 
mmutes at room temperature Complete blood count including platelet count, was normal 

No 9 — ^The patient s uncle, brother of No 8 No history of pathological bleeding Had several 
teeth extracted w ithout undue bleedmg He has no children 

No 10 — The pauent s aunt, sister of No 8 and No 9, mother of No 4 and No 5 No history of 
pathological bleeding Deliveries were uncomplicated Uneventful tonsillectomy z years ago Bleedmg 
time z minutes 

11 — ^The pauent s paternal grandfather History of bleedmg tendency throughout life with 
repeated hospitalizauons for uncontrollable, spontaneous nosebleeds, bleeding from tooth sockets, and 
subcutaneous bleedmg Died from a fractured skull with uncoutrollable hemorrhage 

11 - — The patient s paternal grandmother, who has provided the detailed and reliable reports of 
the lives of those members of the family not now living She gives no history of abnormal bleedmg m 
herself 


13 ^Thc pauent s paternal great grandfather, personally known by the grandmother. No iz. 
He was a known bleeder who suffered throughout his life with the same easy bruising and sponuneons 
nosebleeds as did his followers He died at the age of 56 from a sudden pulmonary hemorrhage followmg 
* coughing spell The existence of pulmonary pathology at the ume of death was not determmed 
^4 ^The pauent s great grandmother, known by the grandmother. No iz gave no history 
of pathological bleedmg 

No 15 The pauent s great great paternal grandfather, not known bv the pauent s grandmother 
ut commonly referred to in the familv folktales as having been a bleeder throughout his life Cause 
of death unknown 



500 


PSEUDOHEMOPHILIA CASE STUDY 


HOSPITAL COURSE 

When first seen, the patient was given calcium lactate orally and Mtamin K 
(S}nkayvite) subcutaneously Penicillin therapy was discontinued He was gncn 
Demerol to control knee pain 

On calcium therapy the tetany and positive Chvostek sign disappeared Blood 
calcium level was normal after 3 da)s of supplemental calcium This produced no 
change in the bleeding time 

The blood pressure was measured dail) because of an initial diastolic pressute of 
90 mm Hg After about 3 weeks levels of 130/80 mm to 110/70 mm wete main- 
tained Eye grounds were normal An \-ray of the chest and an electrocatdiogram 
showed no abnormalities Injections of Synkayvitc were discontinued after 16 
days as the bleeding time continued to be prolonged despite vitamin K therap} 

The swelling of the knee joint slowly subsided over a period of 3 to 4 weeks 
Motion was encouraged He was allowed up on crutches by the fifth week, and he 
walked without a cane after the seventh week 

He was discharged from the hospital on the fifty-sixth day At this time he 
walked with a slight limp, but had no pain nor tenderness nor swelling in the 
knee X-ray of the knee was repotted as normal 

THE BLOOD FINDINGS* 

I The Bleeding Ttme — ^This was determined frequently by one of three selected 
techmcians With occasional exceptions, the ear lobes were the sites utilized, 
although finger tips were used occasionally 

It was noted that the bleeding time varied from normal on one occasion onl) 
(both car lobes), to i hour and 30 minutes The majont) of bleeding times ranged 
between 7 and 40 minutes Vnriaaon between 8 minutes and 1^ hours was seen 
within the same week when done by the same technician Variation was also 
seen between the finger and ear lobe bleeding times 

Although var) mg depths of puncture cannot be avoided in performing bleeding 
time tests, which may account for variations of a few minutes, the repeatedly pro- 
longed times cannot be attributed to faulty technic when times of over i hour were 
found on more than one occasion One can safely assume that in this condition the 
bleeding time was not onl) prolonged, but that the degree of prolongation varied 

2. Clotting Tune — On repeated tests the clotting time was between 4 and 7 
minutes when done b) the capillar) glass method, and between 5 and 10 minutes 
when done b) the tube method of Lee and White 

3 Clot Retraction — Repeated tests showed good retraction from the walls and 
bottom of the test tube at 30 to 40 minutes No liquefaction of the clot was ob 
served after 18 to 2-4 hours 

4 Clotting Tune of Hemophiliac Blood Mixed with Decalcified Plasma of the P atieiit s 
Blood f — The blood of a hemophiliac, whose clotting time b) the multiple tube 

*Thc author wishes to express to the corpsmen and corpswaves of the laborator) of the U S Naval 
Hospital St Albans, his appreciation for their interest and help in studying the case presented 

■fDone vsTth the aid and cooperanon of Dr A J Pateh Gjiumbia University Medical Research Di 

vision Goldwater Memonal Hospiul, 'Ucifarc Island, New Yorh Citj 
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method of Lee and White at 37° C was z hours and 45 minutes, was tested with the 
plasma of the patient (decalcified bj a 5 per cent mixture of potassium and am- 
momum oxalate) The addition of o 05 cc of the patient s decalcified plasma to z 
cc of hemophiliac whole blood clotted the latter in 19 minutes Normal plasma, 
similarly treated, clotted the hemophiliac blood in 15 minutes 

5 Formed Elements — Repeated complete blood counts showed the patient to 
have normal formed elements The red blood count ranged between 4 70 and 5 81 
million, hemoglobin between 15 and 16 Gm , white count between 11,000 and 
13,000 with normal differential, and platelet counts done on three occasions were 
300,000, Z36 ,ooo, and 156,000 respectively The initial platelet count done when 
the patient s bleeding time was over Z5 minutes was 300,000 

6 Capillar} Fragtht;) Test — Done with a blood pressure cuff midway between 
systolic and diastolic pressures, this procedure on repeated tests showed rare, 
scattered, minute petechiae, and was considered normal (negative) The test was 
done when the patient s blood pressure was elevated as well as when it was normal 

7 Prothrombin Time — Russell Viper Venom was employed as the source of 
thromboplastin * The clotting times repeatedly fell within z seconds of the con- 
trol time 

8 Blood Chemistry — Serum protein determination with albunun-globuhn 
fractionation showed albumin 5 o grams per cent, globulin i 8 grams per cent 
Plasma fibrinogen was o 3Z grams per cent 

Bromsulfalein test was normal (less than 5 per cent retention in 30 minutes 
using z mg of the dye per kilo) Serum bilirubin was less than o 3 mg per cent 
Vitamin A absorption curve using Oleum Percomorph as a source of the vitamin 
was normal 

Vitamin C saturation test using 1000 mg of cevalin (Lilly) intravenously 
gave a normal urinary output in 5 hours (544 mg ) The fasting vitamin C plasma 
level was o 5 mg per cent 

Serum calcium done on admission when there was climcal evidence of tetany 
"as 7 36 mg pgj- After 3 days of calcium lactate (15 gr o d ) the blood 

calcium was 10 i mg per cent, serum phosphorus 4 6 mg per cent, alkabne phos- 
phatase 5 7 Bodansky units, and the climcal signs of tetany were no longer present 
Oral calcium therap) was discontinued after 10 days Determinations done i week 
after discontinuing calcium therapy were scrum calcium ii z mg per cent, 
phosphatase 3 9 Bodansky units Climcal manifestations of hypocalcemia did not 
recur during the remainder of the patient s hospital course The cause of the imtial 
low scrum calaum cannot be readily explained That low blood calaum is seldom 
' c\cr a factor in disturbances of the blood clotting mechamsm has been indicated 
} Quick - X-rays of the long bones showed no evidence of dermneralization 

9 Capllary Studies — Following the work of Macfarlane® and his suggestion 
r at the intrinsic physiological disorder in this condition was related to the 
21 ure of the capillaries to constrict after trauma, studies on the status of the 
patient s capillaries were undertaken Under the microscope the capillaries at the 
riail hed appeared to be normal in distribution and contour After punctunng an 

so ated loop no constriction of the loop was seen This was done on a finscr of 
«ch hand 
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The following photographs of the patient s nail bed capillaries, taken before and 
after puncture of a capillar) loop, demonstrate the failure of constriction of the 
traumari 7 ed, punctured capillary * 


CONCLUSIONS 

I A ease of hercditan pscudohcmophiha is presented in ishich the condition 
was transmitted b) and occurred onh in the male line The occurrence of the 



Fig 1 The Nail Bed eetoke Rdpture Fig 3 The Same View Follovmno Riutme 

OF THE CaPILLAIO LoOP IN THE RiGHT 
Hand Field 


condition in the male offspring of the patient s father and of the latter s second 
wife irrefutabl) proses this point 

2. The degree of prolongation of the bleeding time varied from da) to da) , and 
was occasional!) normal 

3 Except for transient h)pocalccmia with tetan), no defect in the blood ele- 
ments nor in clot formation was noted 

•Done iMth the cooperanon and technical aid of Dr A WiIburDurjcc Department of Medicine Nc 
Yotl. Post Graduate Medical School and Hospital, New 'iorh Qrv 
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4 There appears to be a failure of normal capillar) constriction following 
trauma This finding confirms the original obsen itions of Macfarlane Whether or 
not this ph)siological defect is entirely responsible for the prolonged bleeding 
time IS not proved, but is under further in%estigation 
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Bj S Estren, M D , L Sanchez IvIedal, M D , and 
William Caaleshek, M D 

1 IICTRODUCTION 

T he hemorrhagic disorders can in almost all instances be furl) readih classilicJ 
as those associated Mith (i) a deficienc\ in blood platelets, i e , thrombo 
c\ topenic purpura, (z) a disturbance in one of the coagulation factors of the circu 
lating blood, i e , hemophilia, h)-poprothrombincmia, fibnnopenia, and (3) n 
disturbance of the capillart wall, 1 e , \ascular or nonthromboc) topenic purpura 
In occasional instances, howe\er, the attempt to classih an example of excessne 
bleeding becomes difficult The present report deals w ith 1 1 such cases \\ hich hn\ c 
been obserx ed during the past fit e ) ears These cases have been characterized b) an 
exccssnc tendenct to bleed in the presence of norma! platelets, a normal coagula- 
tion time, normal serum fibrinogen, and a normal prothrombin time The onl) 
regular abnormalit) has been a prolonged bleeding time Similar cases hate been 
pretiousl) called pseudohemophilia, and, although this designation Icatcs 
much to be desired, tte hate continued us use chief!) for tvant of a better title 
Recognition of these cases becomes important since excessite bleeding mat follow 
relatitcl) insignificant operacite procedures 

Stud) of the literature of the hemorrhagic disturbances is rendered difficult not 
onl) b) a lack of uniformitt of technic in the performance of certain laborator) 
tests, but also b) a lack of agreement regarding normal t alues For these reasons, an 
anal) SIS of the literature since 1900 and of the routine tests for the studt of hemor- 
rhagic disease has been made The present report deals with the stud) of 11 cases 
which we hase classified as pseudohemophilia, together with a critical retiew of 
the reported cases A studt of the different tests used in establishing the diagnosis 
of a hemorrhagic disturbance has also been made 

II REPORT or cases 

Cajt 1 R M an II i car old nhircboj was adiniricd 10 ibe J H Pratt Diagnostic Hospiul (No 
€GS-) on October 7 1340 for a studs of a tendency to bleed of 6 scars duranon 

The paaent had had a normal birth and an uneventful ritual circuraasion on the eighth das of lif* 
ssithout eacess bleeding His parents sated that almost from birth he often dcs eloped numerous blacl 
and blue spots over the entire bods follossing trauma Several sears before admission a fall on one hnec 
ss hich resulted in an open ss ound ss as associated svith an undue amount of bleeding The loss of a dead 
uous tooth at the age of 10 resulted m oozing from the gums for months Extraction of a losscr tooth i 
sseck before admission to the hospial ssas follosscd bs profuse bleeding for -4 hours Although the clot 
appeared to be solid there ssas continued oozing of blood from its under surface 

There ssas no farails histors of bleeding tendcncs The past history was irrclesant Phs sical ciamina 
non showed an ccchsmosis of the left arm (at the site of an intramuscular in)cccion) and scscral small 
ecchvmoses near the site of the recent denul extraction but no frank bleeding There svcrc no other 
abnormal findings 

From the Blood Ijboratorv of the J H Pratt Diagnostic Hospiul and Boston Disp-nsarv and th. 
Department of Medtcmc Tufts Gillcgc Medical School Aided bv grants from the Upjohn Gi Kalama 
zoo Michigan and the Charlton Fund Tufts College Medical School 
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Laboratory data, t\hich are recorded in table i, showed a bleeding time of 90 minutes (Duke method) 
The coagulation time i\ as 14 to 33 minutes at room temperature Clot retraction was normal The platelets 
numbered over i million per cubic millimeter A tourniquet test was stronglj positive Values for pro- 
thrombin time and plasma hbrinogen were within normal limits Further studies have not been made 
because of the paaent s inaccessibilit) 

Casi 2 S L., a 15 )car old white mamed housewife, was referred for studj on Maj ag, 1941, because 
of bleeding from the mouth 

The patient had alwa)s noted that she brusied casil) after trauma, and sometimes spontaneous!) 
Intermcnstmal bleeding was frequent Extractions of teeth at the ages of 5, 18, and zo were followed by 
severe bleeding The gums bled easil) and often sponuneously Two da)s before referral, she awoke to 
find blood m her mouth and blood clots about her teeth She could find no local lesions, but her mouth 
refilled with clots after the ongmal ones had been removed One da) before she was seen, the same 
episode recurred, and she continued to bleed from the mouth 

There was no family histor) of bleeding tcndenc) The past histor) , except as noted, vv as irrelev ant 
Physical examination revealed small ecch) moses in the popliteal areas but was otherwise unremarkable 
Laborator) data (uble i) showed a bleeding time which was stopped at 4 minutes because of its 
seventy, and which subsequent!) ranged to ii minutes (Duke method) The coagulation time was 9 to 
15 minutes at room temperature Clot retraction was normal Platelets numbered 701,000 A tourniquet 
test was negative although on a subsequent test it was positive 

Bleeding from the mouth continued intermittent!) during the next )ear Later there seemed to be a 
regre'sion m bleeding tendenc) , and the patient was s) mptom free except for occasional ecch) moses and 
ocasional menorrhagia At the age of ay (1943) she contracted rheumatic fever, no bleeding manifesta- 
tions were present She has rccentl) developed severe menorrhagia 

Carr 3 K C , a 34 )car old white married housewife, was referred for stud) on Ma) 5, 1943 because 
of a histor) of marked bleeding after denul extractions 

The paoent had alwa)s tended to bleed easil) She had had ecch) moses as a child At the age of 
Ml she oozed fora weeks after the removal of tonsils and adenoids She had had difhcult) with all dental 
extractions except one, on each occasion blecdmg profusel) for 4 or 5 da) s Tw o teeth had been extracted 
iwwks before referral Bleedmg from the sockets was very profuse and prolonged and continued intermit 
tendy for about a weeks 


The patient s father died at 47 of uncontrollable internal hemorrhage The father s mother and 
the father s maternal grandfather bled easil) 

examination revealed sbghtly h)-perplastic gums otherwise no abnormalities were noted 
rator) findings (table i) showed a bleeding ume of over ai minutes The coagulation time was 
4 to aa minutes at room temperature Clot retraction was slightl) dcla)cd Platelets numbered i 878000 
per m mm A tourniquet test was negative The prothrombin time was normal 
^e patient refused further studies and has not been followed 

^ TC a 34 ) car old white Arm) private, was referred on September I igas, for evaluation of a 
bleeding tcndcnc) 


profu ^ bleeder all his life having sulFcrcd repeated cpistaxes and bleeding 
<1, slight cuts There was no famil) histor) of blecdmg tcndcnc) Physical cxammation 

showed no abnormalities 6 j 1 


borator) data (table i) showed a bleeding time of 50 minutes The coagulation time was 10 to 
Clot retraction was normal Platelets numbered 517 000 A tourniquet 
^vas negative The prothrombin time was normal 

L f B C a ay year old white married woman, was first seen on May 11 1944 because of mcnor 
^‘■ngia over a 3 year period 

'ears bef^ ^*^7 there had been no excess bleeding easy bruising or menstrual difficult) Three 

abdominal^ periods had become unusually profuse and prolonged In September 1943 an 

toutinucd °sas‘°’i was performed and an ovarian cyst was removed Menstrual difficulties, however 
sporadic r puncnt began to have constant vaginal bleeding There was also 

tinned bcca ^ In April 1944 another exploratory laparotomy was attempted but was discon 

utelv oozing from all the cut surfaces In May 1944 she bled modcr 

tntal extraction In December 1944 because of continued menorrhagia she underwent 



Taolu t — Authors Cases of Pseudohetnophtlta 
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niccJmg after Jcntal extractions 8/^4 5-14 xi. 14 and 9 Normal 

7/45 19-1418 9 and II iy> Normal 
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aWonunal hystcrcctom> without excessive bleeding Thtombm solution and hbnn foam wre used at 
the vanous suture lines Pathological examination showed fibrom>omata of the uterus with superficial 
Mdometnosis of the uterus In Julj 1545 vaginal bleeding recurred, but less mtcnscl) than presiousl) 
In September 1943 shght renal bleeding recurred At the same time, there was slight bleeding from the 
gums ^ 

There was no famil) histor) of bleedmg tendenc) Phjsical cvamination was alwajs compicteh 
negause 

Laboratory data over a period of j ears Stable i) showed a bleeding nrac of 1 to 7 minutes b) the Dulc 
method, and 3 to 13 minutes by the Isy method The coagulation time varied up to 14 minutes at room 
temperature Clot retraction was normal The platelet count was 714,000 per cu ram A tourniquet test 
svas negative 

Ctrrf tf M S , a 16 year old white man, was referred on August 11, 1944 because of severe bleeding 
following dcnul extractions 

He was ueJi until the age of ao, when he bled foe 10 days follow rag a dental extraction ^starting - day s 
after the procedure) At i 6 he had a dental extraction without difficulty A week later, three more teeth 
were extracted Four and one half days later, he suddenly began to bleed like a faucet from the site 
of the extraction and was referred for study 

Five members of the family (grandmother, three uncles, one cousin), all on the paternal side, gate 
histones of excessive bleedmg following operations Physical examination showed marked canes ol the 
teeth The hndmgs of early multiple sclerosis msolving the extremities were present 

Laboratory data (table i) showed a bleeding time (Duke) of 24 minutes The coagulation time was 
9 to ai minutes at room temperature. Qot retracnon was normal Platelets numbered 765 ,000 A toumi 
quet test was negative, but was positive on re^xanunaoon a year later 

Coj<7 S K , a 34 year old nnmamed white woman was first admitted to the J H Pratt Diagnostic 
Hospital (No 14910) on February 19, 1943, because of right saauc pam aggrasated by motion 

The patient had always had a tendency to bleed As a child, follow mg a scalp injury which required 
suturing she oozed blood from the wound for 1 weeks Dental extracuons at the ages ol ii and 19 yeats 
were followed by severe bleedmg from the sockets for 3 to 4 weeks Slight cuts and scratches produced 
bleedmg which lasted for hours Bouts of ecchymoses were frequent The menstrual periods were usually 
profuse Occasional menorrhagia had been prcsenc smcc the menarchc On October 30, 1944, the patient 
suddenly developed pam in the right lumbar region and flank radiatmg into the right gtom and accom 
panicd by gross hematuna The pain disappeared 10 6 days, the hematuria in 13 days On D-ceraber 15 
1944, she suddenly developed generalized ecchymoses which faded only after several weeks On January 1, 
1943, she cxpencnccd severe pam at the right iliac crest, radiating down the posterior thigh and calf 
to the right ankle, aggravated by motion and relieved by flexmg the knee and thigh on that side 

There was no family history of bleeding tendency Phy sical exammation show ed a fesv small tclingi 
ectascs of the face and upper lip but none elsewhere There was limited straight leg raising on the riche 
with tenderness along the saatic nerve The rest of the examination was negative 

There was slow recovery from what appeared to be a hemorrhage in the nghc psoas muse! Th 
patient was discharged for convalescence on February 24 1945 In April 1945 she returned for dcnul 
extraction No signs of the prevuous neurologic disturbance were present Two teeth were reransed no 
immediate bleeding followed, bat, a few hours later, profuse bleedmg began from the tooth socket an- 
contmued for 6 days despite the use of gauze packing, epmephtme, thrombin and fibrm foam, and ih^ 
administration of two transfusions of whole blood At this time the gum was sutured oonng continu u 
but no further frank bleeding occurred and the patient was discharged On June 18, 1945 the pitimr 
was readmitted for profuse vagmal bleedmg, which began a few dav s earlier than the expected mmstnu 
flow There was no associated pam The hemorrhage contmued for 7 day s despite a transfusion of b oou, 
the admmistranon of calcium, and local packing, it then stopped spontancouslv Since then the pom 
has been free of hemorrhagic disturbance, but has shown a moderate hvpochromic anemia It 1$ o ict^^ 
cst that she believes that the hemorrhagic episodes of 0 «ober 1944 and June 1945 v-erc p'ccipitao 

taking iron for anemia She therefore refuses to take iron for the present anemic state 

The laboratory findings at vanous times arc recorded m table i The bleedmg time van- ton 3J0 
mmutes by the Duke technic and was ii minutes by the Ivy method Coagulation time van ro - 
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33 minutes at room temperature, and was 7 minutes at 37° C Clot retraction was normal The platelets 
numbered 736,000 per cu mm A tourniquet test was negauve Prothrombm time was normal 

Cmi S E F , a 14 3 ear old white boy, was referred on May ay, 1945 • because of bleeding after dental 
eitraction The paaent had always had frequent nosebleeds At the age of 9 years, he bled severely 
and excessively following dental extraction At 14 years he bled continually for 3 days following dental 
extraction and was therelore referred for study 

There was no family history of bleeding tendency Physical examination showed no abnormalities 
Laboratory data (table i) revealed a bleeding time up to 15 mmutes (Duke) Coagulation time was 
up to 19 mmutes at room temperature, and 15 mmutes at 37° C Clot retraction was normal The platelets 
numbered 687,000 per cu mm A tourniquet test was negauve The prothrombin time was normal 
Cue f F W , a 54 year old white Finnish bom housewife, was admitted to the J H Pratt Diagnosuc 
Hospital (No on January 19, 1946, because of anemia and a long history of a tendency to excessive 

bleedmg At the age of 6 years the panent bled severely followmg the removal of several deciduous teeth 
In the foUowing years a number of dental extracuons were followed by severe hemorrhage lasting from 
several hours to as long as 3 weeks Spontaneous bleedmg from the gums was occasionally present and 
bleedmg from mmor cuts was always marked and prolonged Menarche occurred at j6 and menstruation 
occurred regularly every 3-6 days, the durauon of flow was 5 to 14 days, occasionally as long as x8 days 
On three occasions hospitalizauon was required for excessive menstrual bleeding Menopause occurred 
at 47, and she had had no vagmal bleedmg smec In May 1943 at the age of 53, the patient vomited 
browmsh material and fainted X-rays of the stomach were negauve No further such episodes occurred 
Epistaxes, ecchymoses, and hematuria had never been present The pauent had never become pregnant 
A fracture of the humerus at the age of 49 was not followed by excessive hemorrhage Iron therapy for 
antnua had been given for several years 

Two brothers and three sisters were severe bleeders One of these brothers has a son aged 10 whohas 
bled sevaely followmg denul extractions The pauent s father was a bleeder, as were his sister and pos- 
sibly (to a lesser degree) his three brothers The pauent s paternal grandmother was also a bleeder The 
paaent s mother and mother s family showed no bleeding tendency It is of interest that the paaent s 
family come from an island off Finland, where von Willebrand s onginal cases of pscudohemophiha were 
found 


Physical exammanon was essentially negauve with the excepuon of a moderately loud systohe mur 
fflur at the apex uansmitted toward the base No telangiectases, petechiac, or ecchymoses were present 
The hver, spleen, and lymph nodes were not palpable 

Laboratory data (table i) showed a bleedmg ume of 31 mmutes m one ear, 42. mmutes m the other ear, 
>nd 8)^ mmutes by the Ivy method The coagulauon ume was 13 minutes at room temperature and 14 
fflmutcs at 37° C Clot retracuon was normal The platelets numbered 450,000 per cu mm A tourniquet 
test was markedly posiuvc Values for prothrombm time, plasma fibrmogen, calaum, and ascorbic aad 
were within normal limits Examinauon of the capillaries of the finger nail bed showed essenually nor- 
fflal capiUaues with some tortuosity of some of the proximal loops 

Call It E M , a 13 year old white female bookkeeper, was referred on January 30, 1946, because of 
conanued bleedmg following denul extucuons 

Each denul extucuon from the age of 6 years had been followed by an excessive amount of bleedmg 
"hich staned immediately after the operauon and lasted for several days to several weeks Such episodes 
°tcurrcd at the ages of 6, 16, ar, la, and The pauent had always brmsed easily, but never spon- 
^tousl) As a child she had daily sponuneous episuxes lastmg up to one half hour, more recently 
tpistaxcs had been mfrequent The gums bled very easily but only with brushmg of the teeth There had 
"^'tr been excessive bleedmg after cuts Menarche occurred at la and periods occurred irregularly (every 
■1 to 8 weeks), and lasted only 4 days, with severe flow only on the second day Removal of the tonsils and 
raoids at the age of ar was followed by recurrent bleedmg for about a month A week before consulu- 
she had had six teeth removed by an oul surgeon Bleedmg was marked durmg and after the pro- 
Ore, and conunued to the time of examinauon Blood came hkc a faucet and contmued to well up 
packing of the sockets 

pauent s father had had severe episuxes as a child, but there was no other history of bleeding 


The 

tcndcni 


ry in the parents gundparents, or siblmgs of the panent Physical examinauon revealed a healthy- 
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appcinog)oungwominwithposin\efiD(UngsrMtnctcdtochcmouth Here at the site of recent extra 

tioni, oozing of blood v,-as noticeable about the giuzc packing Most of the teeth n-erc carious Luer, 
spleen, and lymph nodes were not palpable 

Labotatoty data (cable i) rci ealed a bleeding time (Duke) of 9J ( minutes in one car and iS minutes in 
thcothercar The Ivy bleeding time was nunutes The coagulation time s\a$ up to iS minutes at room 
^^^P^^ture, and iz minutes at 37° C Clot tecracuon was nottual The platelets numbered ^11, occ jet cu 
mm A tourniquet test shonxd 13 petechiae (posiare) Values for prothrombin time plasma tibnnocen 
calcium, and ascorbic aad were wuthin normal limits 

Cast II N R , a 51 year old white housewife, was admitted to the J H Pratt Diagnostic Hosptul 
(No 18633) hfay 7, 1936, w ith the chief complaints of fatigue and exhaustion 

Dunng the course of the investigation. It was found that the jiatient had alwais had a tcnd*nn to 
bleed From childhood on, epistaxcs, sjiontaneous ecchsmoses, and spontaneous subcutaneous henuto- 
maca were frequent Sfighccutsand traumata were alwai s followed bs scs ere hemorrhage At the age of 
7 years, removal of tonsils and adenoids ivas followed bs unusuallj severe bleeding Loss of teeth dunng 
childhood vsas accomjunied bj jirolongcd hemorrhage from the tooth sockets Extraction of teeth in 
childhood and dnnng adult life was mvanablj follosved b> profuse hemorrhage, the most recent Oscur 
rmg at the age of 31 jears and fasting for z weeks The menstrual periods were regular but very profuse 
At the age of 33 curettage was undertaken because of menorrhagia for 3 months and rescaled no loul 
lesion Menojjausc occurred at the age of but two sjiontancous s'aginal hemorrhages similar in all 
respects to normal menstrual periods except for their shorter duration (3 das s instead of her normal 6), 
had occurred twice since menopause and were not attnbutabic to an) local lesion At the ages of -3 and 
34, the patient was deincred of normal children with marked post partum hemorrhage which was so 
intense on the first occasion that she nearl) bled to death 

The patient s mother had had spontaneous epistaxcs and ecchnnoses from childhood until death at 
the age of 73 of myocardial infarction In addition, menorrhagia was frequent and post punum hemor 
rhage alwa\-s marked The mother had four sisters and two brothers none of w horn had cxccssise bleed 
ing The mother s parents also did not hate excessive bleeding The patient had one sibling a b oih*T 
aged 48, who also had frequent epistaxcs, ccchymoses and hematomata Ac the age of 4 \ ears, this brotfn 
undenvenc removal of tonsifs and adenoids w ith jirofusc jxjstoperatn c hemorrhage This brother has me 
daughter who shosss no bleeding tendener The patient s nso children a son aged -8 and a daughter aged 
17, both show a tcndcnci to hemorrhage The son bled profusels after cuts as a child, had frequent cpis- 
taxes, bled after rcmo\-al of tonsils and adenoids at the age of 5 > cars, and has bled after extraction of t-cth 
since the age of 17 A daughter of this son shows no bleeding tcndenci The patient s daughter bl'J pro 
fusel) after rcmos'al of tonsils and adenoids at the age of 5 ) cars and has profuse menstrual bl^iing but 
shows no other tendena to hemorrhage 

Phvsical cxammatioa showed shght enlargement of the heart The blood pressure svas -lo/t— Ps' 
chiatnc examination resulted in a diagnosis of manic-depressis c jisichosis Ijboraton data (cable ij 
showed a bleeding time of i_ minutes in each car (Duke) The coagulation time was 5 to S roincu! at 
room temperature Qot rctracnon was normal The platelets numbered 644 000 jkt cu mm Ato-Tiq— t 
test was markcdJt positive Values for jirothrombin time plasma fibrinogen calcium and asscrbi- an- 
were normal 


m HISTORICAL ASPECTS 

Before the second decade of this centun, there was little attempt in the \olu- 
minous literature on hemorrhagic diseases to stud\ cases in detail m an effort to 
segregate various entities The carh reports of Austin and Pepper’ and of Hess, 
although complete in some respects, arc unfortunateh lacking in some of the tests 

\\ hich are toda) considered essential in etaluating a tcndenct to bleed Glanzmann 

in igiS’tvas the first to report in detail a senes of patients with what appearc to 
an at)-pical hemorrhagic diathesis 

Glanzmann studied three families with a total of 49 members and found that i- 
of X3 males and xi of 2.6 females were bleeders Some of his cases were t' pma 
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examples of idiopathic thrombocytopenic purpun The other cases were char- 
actenzed b) scxeral common factors 
I The) all bled exccssivel) 

^ The bleeding time was normal 

3 The coagulation time was normal 

4 The platelet count x\as usually normal 

5 The clot retraction was abnormal (poor, dcla}cd, incomplete) 

6 The platelets were qualitatnclj abnormal (no granules, p)knotic granules, 

peculiar shapes and sizes) 

Because he believed that the excessixe bleeding was due to a platelet defect, 
Glanzmann named this disorder hcrcditar) hemorrhagic thrombasthenia His 
cases are commonly referred to as typical examples of pseudohemophilia and arc 
often considered as identical with those of von Willcbrand The existence of such 
cases has, ^however, never been confirmed and no similar cases have been reported 
Further sporadic cases of peculiar forms of excessive bleeding continued to be 
reported in the literature under various designations Rosenfeld'* described two 
siblings with hemarthrosis, normal clotting time, and excessive bleeding time In 
one, a reduction in platelets ma) have been of significance, but there was no such 
abnormalit)^ in the other, and the clinical pictures were identical Roskam,® Isch- 
Wall,® Rosenthal,’ and others reported atypical hemorrhagic syndromes during the 
next few years In 1918, articles on atypical bleeding appeared simultaneously from 
several parts of this country In one of these reports, Minot'' pointed out that 
his own cases were neither idiopathic thrombocytopenic purpura nor hemophilia, 
)et were quite different from the syndrome described by Glanzmann in 1918, thus 
intimating the existence of yet a different bleeding disorder 
Further reports, some complete, many grossly inadequate for cntical evalua- 
tion,'’ -12 continued to appear at frequent intervals in the literature Under the des- 
ignations of hereditary hemorrhagic diathesis, hereditary hemorrhagic thrombas- 
thema, pseudohemophilia, and thrombasthenic purpura, various investigators 
reported cases of unexplained excessive bleeding with no constant abnormality ex- 
cept for an increase in the bleeding time Finally, in 1933, von Willebrand” pub- 
's cd a comprehensive review including details of Z3 cases of his own 
Von Willebrand s contribution was great He had previously’' published 
^gments of data on several of his cases, but had never compiled complete data 
until igjj original patients derived from a single family living on the Aland 
s ands off Finland, in which X3 of 66 individuals showed a bleeding tendency 
^ny of his cases lacked adequate laboratory studies, and only 7 of them included 
cicnt data to warrant their designation as definite cases of pseudohemophilia 
illcbrand pointed out that his cases, as well as those of most other German 
ors and of virtually all American authors, belonged to a single group which 
us istinct and separate from the cases reported by Glanzmann 

further reports of a similar bleeding tendency have continued to 
hem recent years there has been a tendency to include data on all known 

morrhagic tests, so that few cases must be discarded for want of adequate investi- 
gation ^ 
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Table z records 6i cases which \\c regard as definite examples of pseudohemo- 
philia and which haae appeared in the literature since 1900 The criteria for admis- 
sion of cases into this categor) are stated belo%% 

IV AZsALYSlS OF CASES INCLUDING THOSE IN THE LITERATURE 

An anal) SIS of the clinical and hematologic data in our senes of 1 1 cases has been 
combined v.ith a revieas of those cases in the literature uhich fit the criteria ue 
bate established for the diagnosis of pseudohemophilia The literature on hemor- 
rhagic disease is often quite sketch), with man) reports dealing with excess 
bleeding after cuts, hereditar) epistaxis, etc , without adequate laboraton 
studies It has, therefore, been necessar) to limit detailed consideration to those 
cases with rclatn cl) complete studies Cases of hemorrhagic disease were arbitra- 
nl) classified into the follow ing groups 
Group O Cases of definite hemophilia or thromboc) topcnic purpura 
Group I Cases wTth insufficient data to allow' a definite diagnosis 
Group II Cases with normal laborator) data, and testing done onl) once 
Cases in Groups O, I, II were discarded from further consideration 
Group m Cases of pseudohemophilia Sixt) -two cases which we considered as 
adcquatch studied were selected for inclusion Thc) were selected as 
follows 

(a) Tcndcnc) to excessive bleeding 

(b) Adequate study (at least one determination each of bleeding 
time, coagulation time, number of platelets, plus an adequate 
clinical histor)) 

(c) A definitely increased bleeding time in the presence of usuall) 
normal blood platelets and a usuall) normal coagulation time 

Famtl) History 

The cases in the literature show a predominant!) positive famil) histor) of a 
tcrdcnc) to bleed A statement in this regard was recorded in 57 cases, of these, 
44 (77 i per cent) had some familial history of bleeding, and 3 more (5 3 pier cent) 
had a probable familial histor) In our own n cases, 4 patients had a definite 
histor) of familial bleeding, and in a fifth a questionable famil) histor)' was 

elicited 

This marked familial inadence has resulted in the usual title of hereditary 
pseudohemophilia or hereditary hemorrhagic tendency Several investigators, 
notabl) von Willebrand,-’ consider that the disease is due to the transmission of a 
se\-linked dominant hereditar) gene However, spioradic cases are fairly common, 
thc diagnosis of pseudohemophilia must be made in man) cases with a com- 
P ctcl) negatne famil) histor) of bleeding 


S(x and Race 

Of the 6z cases in the literature, 33 were females, and Z9 were males Of our ii 
. 7 Were females and 4 males There is thus a slight predominance of women 
54 S per cent of thc total senes), but this is not statistically sigmficant Thc 
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important fact is that pscudohcmophilia occurs in both males and females and is 
transmitted through either sei 

Two cases of pseudohemophilia are reported in Negro brothers All other cases 
occurred in white individuals 


Sj mf tomato! og^ 

The cardinal symptom of pseudohemophilia is excessive bleeding from the nose, 
the gums, the gastrointestinal tract, the uterus, into the skin, the urine, and the 
joints Although bleeding is at times completely spontaneous it usuall) occurs 
after slight cuts or trauma Postoperative bleeding is common and marked Hemor- 
rhage IS often inconstant, at times occurring with one operation but not with 
another Cycles of increased bleeding ma) occur, with marked hemorrhage at 
some times and complete normalit) at others 


Table 3 — Snn oj in 64 Cam cj Fimiehtmofbiha 


Nose (epistaxis) 48 (75 0%) 

Skin (ccchjmosis, pctechiac) 45 (70 3%) 

Gums 15 ^9 1%) 

Postoperative, including after dental extraction 10(31 1%) 

Gastrointestinal tract 8 (ii j%) 

Joints 8 (ii 5%) 

Xjdne3s (hematuria) 4 (6 3%) 

Lungs (hemopt)sis) 1 

Retina r 

Perineural 1 

Intracranial 1 

Uterus 10 (76 

more) 


of females aged 11 or 


No sites of bleeding were recorded in cases S, 9, 10 33 57, 5S, 59, 60, Si (table 1) 


Of the 73 cases, sites of bleeding were recorded in 64 No sites were listed for 
cases 8, 9, 10, 33, 57, 58, 59, 60, 61 (table z) These sites are listed in table 3 Several 
points are of interest 

I In the entire group, epistaf-is was the most prominent symptom, occurring 
in 75 per cent of the cases Tlie bleeding was usuall) spontaneous, although perhaps 
usually more marked when precipitated by trauma It was most intense during 
childhood, became less frequent and less severe in adult life, and in some cases 
completely disappeared Four of our own 11 cases (T C,E F,E M,N R)ha 
epistaxes In one of these cases bleeding had occurred almost dail) at certain times 
and had lasted as long as 30 minutes By the age of 2.3, however, epistaxis was 
infrequent and of short duration 

Some cases of familial epistaxis*' and certain hitherto unexplained cases o 
epistaxis not associated with local lesions, arteriosclerosis, or h) pertension may 
belong in this category 

z BUedtng into the skin occurred in 70 3 per cent of the total number o cases, 
and in over half of our own group Usually, this symptom was manifest as easy 
bruising, but spontaneous ecchymoscs xverc also common Petechiae were rare 
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Curschmann noted dilated capillaries on the face of his first patient,"’ and one of 
outpatients (S K ) presented the same findings These vessels did not bleed, and 
no other telangiectases were noted in either instance in patient or famil) , it is 
therefore improbable that the dilatation was related to the sj ndromc of bleeding 

3 Bltcdtngjrom the gt/ms was frequent, occurring in L5 of the total number of 
cases (39 I per cent) and in 4 of our own group (36 4 per cent) In some cases this 
i\as spontaneous, in others, it occurred onlj on brushing the teeth No particular 
local pathology was present to account for the bleeding 

4 Dental extraction often gave the first indication of pseudohemophilia Excessn c 
bleeding occurred with dental extraction in each of our 1 1 cases, and in 5 it was the 
immediate cause for hematologic intestigation Hemorrhage under such cir- 
cumstances occurred in two general forms (a) during the extraction, and con- 
tinuing indefinitely despite treatment, and (^b) several hours after the extraction, 
starting as profuse oozing from the socket, then becoming uncontrollable despite 
pressure and various types of local therapy Ultimately the bleeding stopped, 
although transfusions were occasionally required to combat the often severe post- 
hemorrhagic anemia 

5 Severe postoperative bleeding of other types was also found In Little and Ay res’ 
first case," death occurred 9 hours after splenectomy Autopsy disclosed an abdo- 
rocn full of blood which apparently had oozed from the blood vessels, since the 
ligatures had been well placed and cffcctne In Cronlcitc and Lozner s report’'' it 
was not until the patient Continued to bleed after hemorrhoidectomy that he was 
discovered to have bled similarly after tonsillectomy, dental extraction, and small 
cuts In one of our cases (R C ) it was necessary to discontinue an abdominal 
operation because of excessive hemorrhage, but later the patient underwent a 
similar procedure uneventfully 

Not all patients with pseudohemophilia bled after cuts or operations, and the 
same patient might bleed at one operation and not at another Evidently there was 
no correlation between the hemorrhagic tests and the occurrence of postoperative 
hemorrhage 


6 Bleeding into the joints was recorded in 8 cases in the literature, 1 e , in 12. 5 per 
Cent of the total cases Details of the pathologic changes in the joints were usually 
not recorded In Kugclmass s first case’' the joints were reported as typical of those 
ound in hemophilia In Weeks s first case’® an ankle joint was similar to that 
seen in hemophilia 

7 Uterine hemorrhage, in the form of menorrhagia or metrorrhagia, occurred 
tequcntly and was found in lo (76 9 per cent) of the 16 women above the age of 

years Uterine or vaginal hemorrhages did not occur at a younger age except 10 
s am s patient,*’ in whom vaginal bleeding occurred at 8 years and menorrhagia 
incnarche The symptom took no special form, but presented itself as unduly 
I , prolonged, or repeated hemorrhage In some patients (cf F W ) menstrual 
^ ing Was of such severity as to necessitate hospitalization and transfusion 
Less common mamfestations of hemorrhagic tendency in pseudohemophilia 
ere gastrointestinal bleeding, hemoptysis, hematuria, retinal bleeding, perineural 
'"S. and intracranial hemorrhage S K in our group of cases developed gross 
aturia and signs of sciatic nerve irritation as a result of bleeding 
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LahoratoQ Data 

1 Bhedtng T/wr — B; definition, this was alviajs increased It laned from 

normal to over 300 minutes in the recorded cases, and from xi to 50 minutes in 

our own cases In man) instances, bleeding continued unabated from the site of 
puncture for hours and prolonged pressure svas necessar) to stop the bleeding 

The bleeding time w as often extremely variable, being greatl) prolonged at one 
time, and only slightly increased or cxen normal at other tests Minot desenbed a 
X ariation from normal to x hours (case no 9*), Roskam (no 11) from S minutes 
to 105 minutes. Bade) and McAlpin (no 40) from ih minutes to oxer 3^ minutes, 
Foxvler (no 4x) from minutes to ox'er 5 hours. Smith and Watkins (no 56) 
from minutes to oxer 30 minutes In our own group, in S K , the Duke bleeding 
time XX as 10 minutes on some occasions, and onlx 3 rmnutes at another time, 
although on the latter occasion uterine bleeding was uncontrollable This marked 
variation makes it impossible to exaluate the man) reporrs in xx^hich the bleeding 
time xx'as normal on the single occasion on xxhich it was measured 

There is some indication that the Ix) bleeding time determination max shoxx 
abnormalities xx'hen the Duke bleeding time is normal (case R C ) and vice xersa 
(case M S , table t) Because of these x'ariations, both procedures haxe been 
corned out, prolongation of cither or both being taken to be abnormal 

2 Coagulatton Timt — It is difficult to exaluate the normal for coagulation rime 
determinations in the literature We haxe, therefore, separated four catcgoncs 

(i) Normal Patients reported as normal, and those in whom the Lce- 
Whitc coagulation time did not exceed 16 minutes This figure xvas chosen 
arbitranl) from our controls 

(x) Borderline Pauents xxith Lcc-Whitc coagulation times oxer 16 but not 
over 10 minutes 

(3) Abnormal Patients xx ith Lee- White coagulation times oxer xo minutes 
Included also is Buckraan s last patient (no 10, table 1) in xvhom the coagu- 
lation time xvas measured b) the capillar) tube method and xxas dcfimtelx 
prolonged 

(4) Variable Cases xvith a normal coagulation time on one occasion, and border- 
line or abnormal on others 

Fift) -three of the 6x cases in the literature (85 5 per cent) had normal coagulanon 
times, and in an additional 6 (9 5 per cent) the coagulation time was normal on 
one occasion In our oxxm group, 8 of 11 cases had determinations xvhich xccrc 
normal on some occasions, and borderline or abnormal on others In the other 3 
cases, coagulation times xvere normal 

As a general rule, the coagulation time in pscudohemophilia is normal, but 
slight elevations, never to the degree found in hemophilia, ma) be present Marked 
prolongation suggests either a complicating factor, such as hx poprothrombmcraia, 
or true hemophilia f 

* Ca<e numbers refer to listing in table 1, 

I We haxe seen one paoent not here reported, xMth definitclv inaeascd coagulation ome (pw 33 
minutes), increased bleeding ame, and tendenep to bleed who seems to fit into some group mtenn late 
betxxeen hemophilia and pseudoheraophilia 
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3 Capillarj Fragil/t} — 0 ( 54 cases in which the results of a capillarc fragilit} 
test (usuall) b) the tourniquet methoJ) were reported, 13 C41 6 per cent) showed 
inacascd fragilitj , x 6 (48 i per cent) showed normal fragilitt , and in 5 cases (9 3 
per cent) the fragilit) was normal on some occasions and increased on others In 
ourii eases, qshowed increased fragilit% , 5 showed normal fragilit) , and in 2. cases 
the capillar) fragilit) was normal on one occasion and increased on another 

4 Clot Rctramlitj — Clot retractiiit) was mentioned in 50 cases In 43 (86 per 
cent) It was normal, in 6 (ii per cent) it was abnormal, in i case (2. per cent) the 
test was normal once, abnormal another time All our eases but one showed normal 
clot retractiiit) 

Normal retraction of the clot ma) be considered characteristic of jascudohemo- 
philia The measurement of clot retractiiit) is often carried out in a haphazard 
manner, which ma) account for some abnormal and \ar)ing results It is known, 
for example, that normal clot retractiiit) ma\ be oterlookcd in a fees cases if 
blood is allow'cd to stand in a glass tube for a period of time, examined, and then 
discarded as shownng no retraction In these cases, insertion of a glass rod or wore 
will cause prompt retraction about the wire, whereas for some reason retraction 
from the glass walls of the tube does not occur A standardized procedure for 
carrpmg out the test should reduce the number of false negatnc results 

5 Other Detemtiiattons — Inman) cases determinations w'ere made of prothrom- 
bin time, scrum ascorbic acid level, scrum calcium level, and plasma fibrinogen 
le\cl On the whole, values were consistent!) normal In a few cases, abnormal 
values for prothrombin or ascorbic aad were obtained (cases 54, 56), but there w as 
DO effect on the hemorrhagic tendency when spiccific therap) w as used 

Treat we lit 

Calcium, vitamin K, and ascorbic acid were used to treat various cases without 
2") effect on the bleeding tendency (cases 53, 54, 55, 56) Transfusions were usuall)’' 
ivithout effect, but occasionally a good result was reported (no 30) In thconl) 
case of our senes in which transfusions were used (S K ), two transfusions were 
without effect on the bleeding Irradiation over the spleen was reported helpful in 
1 case (no 50) Splenectomy was performed in 4 cases (nos 7, 13, 14, 30) One 
Patient (no 14) died 9 hours after operation, death was apparently due to con- 
tinued oozing into the abdominal cavity, as autopisy revealed free intra-abdominal 
ood despite adequate ligation of the splenic pedicle and other blood vessels In 
tascs 7 and 30, no impirovcment followed operation In case 13, some clinical 
improvement was noted, but there was no change in the bleeding time 

■V THE DIAGNOSIS OF PSEUDOHEMOPHILIA 

For man) )cars it was customary to designate any bleeding disease which was 
^ cmophilia by the term pjscudohemophilia At various times this term was 
t^topnthic thromboc) topenic purpura, fibrinogcnopema, the bleeding of 
cmia, bleeding in jaundice, and to other hemorrhagic tendencies It is only in 
the ^ ^ advent of newer concepts of the process of coagulation and 

'Causes of excessn e hemorrhage, that study and classification have allowed the 
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fairly exact separation of various hemorrhagic entities That there is a hemorrhagic 
disorder characterized by a tendency to bleed in the presence of normal platelets, a 
normal coagulation time, and an increased bleeding time, seems evident from the 
data presented in this report It is to this group of cases that the term pseudohemo 
phiha should be restricted The use of this term leaves much to be desired, but it 
has the advantage of prion t) and simplicity 
Recognition of a t) pical case of pscudohcmophilia is not difficult Either sex is 
affected The patient complains of excessive bleeding over a long period of years, 
often since childhood A positive family history is frequently obtained Ph>sical 
examination is usuall) negative Ecchymoses arc common, but petechiac arc rare 
The tendenc} to bleed is accompanied bj an increased bleeding time, an e:,sentiall) 
normal coagulation time, a normal number of platelets, and a normal clot retrac- 
tion Differentiation from other causes of bleeding IS neccssat) (table 4) 


Table 4 — Dtjjircnttal Dtagnosts of Psendoinmofibilia 



Pscudohcmophilia 

Hemophiha 

Idiopathic thrombo 
c> tojicnic purpura 

Vascular 

Purpura 

Hcrcdit) 

Dominant sc\ linked^ 

Recessiic sex Iinhed 

None 

None 

Sex 

M and F 

M only 

M and F ! 

M and F 

Transmission 

Through M and F 

Through F onh 

None 

None 

Petechiae 

Rare 

Absent 

Common 

Rare 

Hemarthrosis 

Occasional 

Common 

Absent 

Occasional 

Platelets 

Normal 

1 Normal 

Decreased 

Normal 

Bleeding time 

Increased 

Normal 

Increased 

Normal 

Coagulation 

time 

Normal 

Increased 

Normal 

Normal 

Clot retractility 

Usualh normal 

Normal 

Markcdh abnor 
mal 

Normal 

Tourniquet test 

Positne 50*1^ cases 

Negause 

Positne 

Posinve 


I Idiopathic thrombo^jtopeutc purpura — In this disorder a tendency to bleed is 
accompanied by a marked reduction in the number of platelets The disease is 
rarely familial Either sex may be affected, females somewhat more often than 
males Bleeding is more or less chronic in nature, but ma} be acute Physical 
examination characteristically reveals petechiae and ecchymoses, but is othcnvise 
negative The bleeding time is increased, the coagulation time normal, the platelet 
count definitely reduced, the clot retraction poor, and the tourniquet rest positive 
A typical bone marrow picture, with an increase in megakaryocytes but with 
greatly diminished platelet production, has recently been described ’■ 

X Hemophilia — In this disease a tendency to bleed is accompanied b} a markedly 
prolonged coagulation time, with no abnormality of the other hemorrhagic tests 
There is a strong familial history, males alone being affected, but only femal« 
transmitting the disorder Bleeding is chronic in nature, usually since childhoo 
Physical examination reveals no abnormalities except for the evidences of bleeding 
The bleeding time is normal, coagulation time markedly increased, platelet number 
normal, clot retraction normal, tourniquet test negative Quick’® has recent y 
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dcsCTibcd a test tshich he considers pathognomonic for hemophilia Tocantins’^^* 
has utilized lusteroid tubes in the diagnosis of borderline cases 

3 i/f/fcrj- —In these c\traordinaril\ rare disorders, a tcndcnc) to bleed 
IS combined t\ith a great diminution in the blood fibrinogen and a dela\ ed coagula- 
bilit) of the blood Both males and females ha\e been reported with this disorder 
The bleeding IS chronic Phjsical examination, except for exidences of bleeding, is 
negative I^borator) examinatiors rexeal a markedlx increased coagulation time 
or(in cases of afibrinogenemia) incoagulable blood The bleeding time is increased, 
the number of platelets is normal, and the clot retraction is poor There is marked 
diminution or total absence of scrum fibrinogen 

4 In h^poprotl rombineinta, bleeding is accompanied bx a reduction in plasma 
prothrombin (increased prothrombin time) Such bleeding is found in obstructnc 
jaundice and in certain cases of liver disease with jaundice, and often responds to 
appropriate therapj xvith vitamin K 

5 In leukemias and certain other proliferatixe disorders, a tcndcncx to bleed is 
ffcqucntl) encountered Characteristicall) , this tendenej is due to a reduction in 
platelets caused by the underlying diseases, and is therefore attributable to a sec- 
ondary thrombocy'topenic purpura The presence of the underlying disorder is 
usually detected by physical examination and appropriate hematologic studies 

6 Vascular or muthromboc^topemc purpura — There is a large group of indix iduals 
who complain of recurrent ecchy moscs which occur with trauma No hematologic 
disorder is found and the diagnosis of vascular or nonthrombocy topcnic form of 
purpura must be made Whereas in pseudohemophilia, bleeding generally occurs in 
relation to trauma or operative procedures and ecchy moscs arc usually not the 
prominent feature, the latter arc the outstanding complaint in the various forms of 
xascular purpura The tourniquet test is usually positive in the latter condition and 
the bleeding time normal, whereas the reverse is true in pseudohemophilia It 
must be conceded, however, that in certain instances it is difficult if not impossible 
to make a rigorous distinction between the two conditions 

VI PATHOGENESIS 

The etiology and pathogenesis of pseudohemophilia arc not known Thrcc- 
^oups of factors arc known to be concerned in the hemorrhagic disorders plasma, 
actors, platelet factors, and vascular factors Each of these has been studied in 
cases of pseudohemophilia 

Plasma Factors 

tempts to incriminate a disturbance in pseudohemophilia analogous to that 

fibnnogcnopcnia, and hcmophiha have thus far 
acid Thus, the blood calaum is normal, and normal plasma ascorbic 

^terminations have almost always been obtained The values for plasma, 
^^nogen and for prothrombin arc normal In an occasional case’’ an abnor- 
the latter determination has been reported, but admimstration of 
min K with restoration of the plasma prothrombin time to normal did not 
^natc the tendency to bleed 

c plasma or defibrinatcd scrum in 3 of our cases of pscudohcmophiha was- 
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added to normal and hemophilic blood to determine whether it contained an anti- 
coagulant factor In all instances, the coagulation times were reduced in a degree 
parallel to that exerted by normal plasma and serum Several observers have shown 
that hemophilic plasma, on the other hand, contains a factor which prolongs the 
coagulation time of normal blood 

QuickCs has recently described a test in which the recalcified plasma coagulation 
time IS determined at varying speeds of centrifugation of the plasma He states that 
the results of the test may be used for definite diagnosis in a questionable example 
of hemophilia In 3 patients with pseudohemophilia, the test gave normal values 

Platelet Factors 

That pseudohemophilia is not a platelet disease seems evident from the normal 
results obtained with all the known platelet tests The number of platelets in the 
circulating blood is usually normal or high In the few cases of pseudohemophilia 
in the literature in which low platelet counts were recorded, there was no correla- 
tion between the tendency to bleed and the level of the platelet count (table l, cases 
no I, aq, 2.5, 3 a, 36, 40) In our own experience, the morphology of the platelets 
has never been abnormal, although some workers"’ have described vague abnor- 
malities, as a result of which they have termed the disorder thrombasthenia or 
thrombopathy In this regard, Jurgens'® devised a method for determimng 
thrombosmg-time, which he considered an index of the quality of the platelets 
The exact nature of the thrombosing-timc is not clear, and the difference be- 
tween this measurement and that of the coagulation time in paraffin-lined or plastic 
tubes is questionable Jurgens claimed that the thrombosing time was increased in 
cases of pseudohemophilia, and that therefore the basic fault in this syndrome was 
some qualitative difficulty in the platelets which prevented their agglutination in 
normal time 

Clot retractility is to a large degree a measurement of the quality and number of 
platelets Normal clot retractility is characteristic of pseudohemophilia, another 
indication of the normality of the platelets in this disorder 


Vascular Factors 

I Capllary Fragility — The tourniquet test is positive in about one-half of the 
cases of pseudohemophilia This finding immediately suggests (in the absence of 
thrombocytopenia) a vascular defect The fact, however, that the test is positive 
in only one-half of the cases suggests that capillary fragility is not the only factor 
involved in the disorder It is of interest that certain cases which show a normal 
capillary fragility on some occasions present abnormal results on others, perhaps 
suggesting that some change in the capillaries is responsible in part at least for thC| 
excessive bleeding u 

X Petechtae — Although peccchiae arc regularly present and numerous in throm- 
bocytopenic states, they also occur in nonthrombocytopenic purpuras The rarity 
of pctechiac in pseudohemophilia, and their transient nature, arc perhaps in reel 
evidence of their occurrence on a vascular rather than on a platelet basis 

3 Capllary Vtsiialtzatioii — MacFarlanc’® demonstrated a capillary- defect 10 
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pscudohemophilic patients b\ means of direct Msuali/ation of the cipillincs in 
the nail bed, and b} noting a difference in reaction to trauma in pscudohemophilic 
and normal indniduals He found that the capillaries of pscudohcmophilics a%crc 
distorted and bizarre in appearance and failed to contract promptl) after puncture 
Normal capillaries, in contrast, contracted quickl} following puncture MacFar- 
lane accordmgl) attributed the bleeding of pscudohcmophilia to a vascular (capil- 
lar))dcfcct, in which a disturbance in contractilits w as the outstanding abnormal- 
it) The capillaries of the nail beds were studied in 2. of our eases (S K and F W) 
In both instances, normal findings were obtained Puncture studies, how'eser, were 
not attempted 


Ro/e of HertJt/j 

Man) cases of pscudohcmophilia show a positixe famil) histor) This w'as best 
demonstrated in our senes b) case F W , in whose famil) i6 of 42. individuals in 
four generations showed a tendcnc) to bleed Transmission in these cases ma) be 
through either sex, and in direct line from one generation to the next Von Willc- 
brand s studies in this regard arc the most comprehensive, and, according to him, 
the disease IS due to a dominant sex-linked gene Inbreeding ma) have been a factor 
in some of von Willebrand s Finnish families, who lived on a small isolated island 
Since most of our cases failed to demonstrate a familial history, some of von Willc- 
rand s conclusions are open to question although undoubted!) the) w'crc correct 
for his own particular senes 

In summary, most data tend to classify pscudohcmophilia as a disorder of the 
VMcu ar apparatus The lack of evidence for a plasma or a platelet disturbance, and 
^ some direct evidence for vascular abnormalities, suggest that 

peu 0 emophilia IS a form of nonthrombocytopenic vascular purpura, in which a 
erto undemonstrated defect in the capillary system is present 

VII THERAPY AND PROGNOSIS 

Th 

m pscudohcmophilia is unsatisfactory Numerous therapeutic 

cium° *1 utilized, usually without effect on the bleeding tendenc) Cal- 

effcct T ^oscs, vitamin K, and ascorbic acid have been completely without 
formed showed no effect on the bleeding Splenectomy has been per- 
is oft) benefit The only bleeding disease in which removal of the spleen 

be corrT^'^a'"^^'^'^ idiopathic thrombocytopenic purpura Here the bleeding can 
loved b a reduction in the number of platelets, and splenectomy is foi- 
ls norm ^ factor In pscudohcmophilia, the number of platelets 

'’^idcncc th*^ bleeding tendency is not correlated with them There is thus no 
^urtherm ^ splccn is in any way concerned with the disease Splenectomy 

Forms usual risk of any operation in these individuals 

bistot) of must therefore be largely prophylactic A patient with a 

rcfcrcnc^ bruising or other tendency to bleed should be investigated with 
categor, h° a possible existence of a hemorrhagic diathesis If he fits into the 
ore escribed, operations should be avoided if possible In one of our 
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cases (R C) It was necessary to abandon an operation because of uncontrollable 
bleeding after incision Necessary operations may be undertaken with proper aids, 
such as thrombin and fibrin foam, and the knowledge that hemorrhage may be 
severe enough to require transfusions 

In cases of active hemorrhage, the only reliable measures are pressure and the use 
of locally applied thrombm-fibrin foam * These measures are especially feasible in 
hemorrhage from the nose and from tooth sockets A fibrin pad is soaked in throm- 
bin foam to form a gelatinous mass, which is then applied over the area of hemor- 
rhage Bleeding often ceases promptly Direct pressure packing with cither plain or 
thrombin soaked gauze may also stop bleeding promptly Transfusion is given as 
indicated for post-hcmorrhagic anemia 

In certain cases with brisk bleeding, as from the kidneys or the uterus, the treat- 
ment may be far more difficult than in hemophilia or idiopathic thrombocytopenic 
purpura In the former, a transfusion or two or the use of the rcccntl) fractionated 
antihemophilic plasma globulin’* will usually shorten the coagulation time and 
control the bleeding In idiopathic thrombocytopenic purpura, cessation of active 
bleeding and complete cure in most cases is effected by splenectomy In pseudo 
hemophilia, on the other hand, where complete normality of both plasma and 
platelet factors is present, brisk bleeding may be difficult and even impossible to- 
control Thus, transfusion was without effect in several episodes of bleeding in case 
S K , and splenectomy was ineffective (and at times even fatal) in some of the cases 
reported in the literature 

Death in pscudohemophilia is rarely due to bleeding Only 2. cases m the litera- 
ture (table z, nos 14 and lo) died of excessive hemorrhage, although the familial 
history in proven cases often included poorly studied bleeders who died of blood 
loss The prognosis for life is excellent The tendency to bleed, however, remains 
essentially unchanged throughout life, although in some instances the frequency of 
bleeding (cspeaally epistaxes) decreases after childhood Knowledge of the exist- 
ence of the disorder in a given individual may be expected to prevent serious con- 
sequences by prompt local treatment at sites of bleeding and by avoidance of all non 
essential surgical procedures 

SUMMARY 

I Eleven cases of a hemorrhagic diathesis are presented characterized by an 
increased bleeding time in the presence of a normal coagulation time, normal blood 
platelet count, and normal clot retraction An analysis is made of 62. similar cases 
in the literature 

X These cases, which have been designated as pscudohemophilia, probably 
represent a particular disorder of the capillaries, in which capillary retractility 
following trauma may be inherently defective 

3 The differential diagnosis of these cases from other types of hemorrhagic 
disease and the necessity for their recognition particularly from the prophylaCTic 
standpoint arc stressed Except for easily accessible local bleeding, therapy is at 
present ineffectual 

• The synthcac fibrin and the bovine thrombin of Upjohn Co have been used in our studies 
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4 Standardized methods for the pcrforminct of hemorrhagic tests arc suggested 
The Lee White method for the coagulation time ma\ gne normal s alucs as high as 
10 minutes or more 


APPENDIX ON METHODS 

In the literature relating to the hemorrhagic <li<.ca^<, the following tevti ha\c been most 
comnicml) used coagulation time, bleeding time clot rctractilits , platelet count, and tourniquet test 
These tests are analsTcd below , and are suggested is standard procedures sshos; duplication would allow 
comparison of results from sarious laboratories 

Coj^uljtion Tirre 

I Tfcinia — rrttl><ij'‘ One cc of blood is withdrawn from a sein using a sterile ss ringe 
nnsed with normal salt solution, and transferred to a glass test tube w itli inside diameter oi S mm pre 
viousl)- rinsed with normal salt solution In transferring the blood to the tube the barrel of the ssringe 
ispushed set) gentls , so that the blood (low s slowh and foam is therebs a\i ided \stops\atchi staned 
as soon as the blood appears in the stringe The test tube is allowed to stand at room temperature and in- 
serted eser) 30 seconds The end point is the time at which the blood no longer (loss s on insersion of the 
tube Normal salues, according to Lee and White, arc 5 to S minutes 

mtthod in tbrit lulti With a sterile dr\ ss ringe and a sterile 1^ to _i gauge needle blood is 
mi from a median antecubital \cin and i cc is placed into each cf three dr\ clean glass test tubes ssith 
inside diameter of 8 mm A stopwatch is started as soon as blood appears in the ss tinge The lirst tube is 
nltedever) 30 seconds until a clot is formed sulTicient to present an\ Ilow of blood \s hen the tube ism 
iwed, this IS hsted as the first end point After the lirst tube has clotted in this wav the second tube is 
sumlarlv handled until its end point ts reached After coagulation has occurred in the econd tube the 
m pMt of the third tube is similarh determined The result is therefore evprcs cd as three separate 
nnm g , 5 7 lominutes Normal is usualh given as 5 to 10 minutes 

w A at 37° C ii One cc of blood obtained as above is placed in a clean drv glass tube 

^1 insi tdiametcrof 8 mm , which IS then placed in a water bath maintained at a tempttature of 37 C 
*bovc to time the interval between the appearance of blood in the sv ringc and the 
onnjuon of a clot in the test cube sufficient to prevent flow of blood on inversion of the tube Normal is 
given as 5 to 8 minutes 

, Table 5 lists representative results of coagulation time determinations performed b> these 

iBcth^* individuals Two facts sund out (i) The range of normal values b> the three tube 

normal*' mmperarure is appro\imatcl) 10-14 minutes, which is dcfinitelv higher than the 
■Onemil ^'erage value in the first of these tubes which represents Lee and White s 

higher than their results (i) The use of a single tube at 37° C gives a normal 
^ ^ mmutes again much higher chan the so-called normal \ alucs of 5 to 8 minutes 

^ l^boratot) we usuallj use the modified Lcc-Whitc method with three tubes dc- 
hec ** ninthod ^b) Apparend) manj different technics arc cmplovcd under the designation of 

onh Do "f l*horator) using its individual modification for performing the determination The 
Lee and *re the use of venous blood and of glass tubes 

®iiintcs Va '' normal values of 5 to 8 minutes for the dctcniunation with an average of 6 }^ 
"ihcs and have modified the original technic, usuall) b} using an) where from two to six 

fflmutcsl normal Thus, Wintrobe gives 6 to 15 minutes'*, Downc) about ir 

nunntes i> ^ 5 ®nd ro minutes" Quick" and others '** '* 5 to 8 minutes Lcnoblc, a to 15 

nt®s in rt!'^ *“*nn for such variations lies m the man) possible variables in technic, including varia- 
h is obvioulj''^'^^ "cirabilit) of the test tube, diameter of the test rube and frcqucnc) of tilting ” 
^ cxDcn ’ ‘ compare the results obtained m one laborator) under a particular 

thougb both innditions with those obtained in another laborator) under different conditions, al- 
cmeu 13„„_ called the Lee White method As a dcsicmauon for a patucular determination ol the 
time this term has become meaningless 
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In rcvicivujg the literature therefore, it is necessary to make liberal allowances for these facts, and 
i\c base considered normal to be certainly as high as 1 6 minutes and probably (m some instanced) up 
to io minutes, by the usual method of senous blood m glass tubes This method has been used by most 
writers, a few employ the capillary tube method, in which the normal value is about 3 mmntes In the 
future, w e plan to use one glass tube at yf C in order to as old \ anations in room temperature Normal 
s alues arc about 10 minutes 


Table 5 Coagulation Ttmt Dintminations m Rcfriiittratiie Kcimal Ccnticls 


Control 

Room temp 

37 C 

Tubel 

2 

3 

1 

13' 

19' 




iz' 

IX'30* 

13 '30' 


3 

i4'3o' 

ly'yo' 

10 '30' 


4 

i3'3o" 

13' 

xx'30'' ^ 


5 

9 '30' 

21^ 1 

14 '30' 


6 

5' 

5' 

5' 1 


7 

8' 

10' 

15' 


8 


ix' 

ix' 


9 

iq ' 

13 '30' i 

i6' 


10 1 

4 '30* 

ix' 1 

IX'30'' 


11 

II' 

i6'3o' 

18' 


12. 

14 '30' 

19' 

19' 


13 

II' 

13' 

13' 

13' 

14 

io'3o'' 

i5’3o' 

i8'3o' 

11' 

15 

IX' 

i 

ll' 

8' 

16 

7'3o' 

10^30'' 

10 30'' 

7'3o' 

17 

13' 

17' 

i9'3o' 

10’ 

18 

11' 

xx' 

x6' 

1 5' 

19 

9' 

1 5 '30' 

i8'3c.'' 

II '30" 

iO 

xo' 

■ Lo ' 

x6' 

15' 

2.1 

10' 

13' 

16' 

9'3o' 

Mean 


14 Ll' 

16 x6' 

io'37' 

Lo^^cst 

4 '30' 

5' 

5’ 

7'3o' 

Highest 

xo' 

Xl' 

i6' 

15' 







BUtding Time 

1 Teebnics — (ji) Duke mitbod modiJitiP^ The lobe of the eat is cleansed w ith 70 pet cent ethyl alcohol 
and wiped dry A clean glass slide is placed behind the ear lobe and the lobe steadied on the glass shde 
With a Bard Parker blade no ii mounted in a cork stopper and held in the other hand, a quick 
made through the ear lobe hitting the glass slide At intervals of one half minute, the drop of hi 
exuding from the cut is wiped assay by a piece of filter paper, without touchmg the skin Spontaneous 
cessation of the blecdmg is timed ssith a stopssatch The bleeding time is the time from the prodocoon 
of the stab-wound in the ear lobe to the cessauon of bleeding In cases of unnsually severe or pro se 
bleeding, a piece of game is used (during the time of severe bleeding) to absorb excess blood, but wi ort 
pressure or contact snth the incised wound , I 

It has been our practice to perform the bleeding time test on both cars, to tmnimitc as far as possi 
certam local s anations Normal by this method is i to 3 minutes tatel) up to 5 minutes 
(i) Ity method*' A blood pressure cuff is applied about the arm above the elbow and inflat 
of mercury An area on the forearm free of sisiblc terns is cleansed wuth alcohol, dried an pnnetu 
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within intomatic lancet to a dcptli of 3 mm The cruJing blood !<; wiped a« at ctert 30 <:cc()nd< w ith 
filter piper as outlined under the Duke method The time, measured on a ttopwitch, between the produc- 
tion of the puncture and the spontaneous cessation of bleeding is taken as the bleeding time Nincts sesen 
per cent of over too normil India iduals shoas-ed a bleeding time ba this method of 6 minutes cr less ' 
2. Cnttqut — ^The significance of the bleeding time i< still somea hat obscure Its aalue apparentla de 
pends pirtlp on the number of platelets in the circulating blood and partla on peripheral (aascular and 
assnc)faaors Disturbance in either factor maa result in an increased bleeding time 
The Duke method is satisfactor) for determination of bleeding time Our modification consists in the 
use of a sharp no ii Bard Parker blade asith ashich the car lobe is pierced W c belicac that this reduces to 
anummnm thcadmieturc of tissue )uiccs and at the same time standardizes the depth of the stroke The 
lay method IS also an attempt at standardization and is also satiafactora In occasional cases the la-a 
method shoavsan abnormall) high bleeding time ashen the Duke method is normal and sicc scisa 


Clot Rettit-ttlilj 

I Tichnic — One cc of blood, obtained b) aenipunciure aaith a dra clean sa tinge and a dn sterile 19 
to u gauge needle, is placed in a dra clean glass test tube S \ 100 mm in size The tube is placed in an 
incubator at 37° C and obscraed at 30 mi'nutcs i hour a hours and hours 

a Results Normalla retraction of the clot from the a alls of the test tube has started ba 30 minutes 
IS ipprcaablc b) i hour, and is complete b) hours 

In some cases retraction appears absent, but occurs promptia aa hen a aa ire or glass rod is inserted into 
standing blood, for some reason, the blood retracts more rcadilj from such an inserted instrument than 
om the avails of the test tube Such a result is normal If a aairc rod a-as used to separate the clots 
tom the test tub: clot retraction aaas present aaithin 30 minutes in 94 per cent of oacr 100 normal in- 

‘VI uals If no such precaution avas uken 30 per cent of the same subjects shoaaed no retraction in 
30 minutes 

} Good retractiht) of the blood clot is gcncralla taken to be sa-nonamous aaith a normal 
um JJf platelets, and poor or absent rctractilit) aaith a reduction or absence of platelets According to 
vuns, there is a rough but distinct parallelism betaacen the number of platelets and the qualita of clot 
‘■ettacnon Ncgativcl), poor rctractilita is gcncralla accepted as meaning decreased number and or poor 
of the platelets 

too^'* correlation has been questioned b) a number of obscraers Haacm.s' - Whitba and Brit 
. n ‘dca)’*’haacall commented on the poor or absent retraction of the clot in pneumonia despite 
orm patcict count and the) haac attributed it aanousla to an antifibnn factor in the plasma 
plasma' f**'^ of fibrinogen in the blood (^Whitb) and Britton), or some disturbance m the blood 
j The intraaenous injection of peptone into experimental animals is knoaa-n to cause 

non of their blood, if, hoaaever the amount of material injected is properl) chosen coagula- 

ptodu^ cctraction can be produced although the platelet count is normal CGIc) "’) Glcy also 

toiin blood b) intravenous injection of heterologous blood and of diphtheria 

WmiitiOT ^ modification of the fibrin produced during coagulation under his cxpicnmcntal 

pf “’* ) > Gordon®' noted nonretraction of the blood clot in 40 per cent of a large random senes 

ItseenT'* '^^cn for routine Wassermann and agglutination tests 
''vt of nl * that normal clot retraction depends on at least two factors one of w-hich is the num- 

the '' Present, and the other some ill-dcfined factor in the patient s blood or plasma In most 
to assum ^ factor of the two is undoubtcdl) the number of platelets, but it no longer seems 

n't without further investigation that nonretractilic) means thrombocytopenia 

Platclit Count 

pweture wouii^^^ ^^‘ttet mithod’^ A finger is well cleaned with alcohol or acetone and then dried A 
"•'ning^utj” 'n the finger tip and the first drop of blood is discarded A large drop (3 mm ) 
— placed over the puncture w'ound, and the finger gcntl) squeezed so that a small 

Brilliiot Ctcs\ 1 

<Jropiof n c Ti f ^ o soaium citrate o 40 sucrose 8 00, water 100 Dissolve, filter, and add 3 
U S P formaldehyde i lo to the filtered solution 
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amount of blood Cabout one sixth of the amount of staining fluid) wells up into the drop of staimnr 
solution ° 

A clean cover slip is then touched to the combined drop of blood and Quid, and the cover sbp dropped 
onto a clean slide The coier slip is ringed with paraffin, and the preparation examined after 15 to 
minutes of standing Platelets appear as highly rcfractile opalescent bodies with a pale bluish stain 
Reticulocytes are also stained b) this method 

Under oil immersion 1000 red blood cells arc counted and the number of platelets seen dunng this 
enumeration is recorded The total number of platelets per cubic millimeter is obuincd by means of the 
equation 

Number platelets per iqoo RBC Total platelets per cu. mm 
1000 RBC Red Count per cu. mm 

or. 


Platelets per cu. mm ■« Number counted X 

1000 

Normal by this method is 400 000 to 900 000 

(f) Dirtrt mitbads*^ Various direct methods have been described for platelet detemunarion, all de- 
pending on the use of some diluting fluid which tends to prevent agglutination of platelets The direct 
methods arc most frcqucntl) recorded in literature The normal number is usually given as about loo 000 
platelets per cubic millimeter, with normal values often as low as 150,000 or less, and as high as 350,000 
We have used the figure 150,000 as the lower Iciel ofnormahty in our review of the literature 

In most work, the indirect method allows easier enumeration of the platelets and at the same tunc 
permits computation of reticulocytes The accuracy' of the count is enhanced by the fact that the oil im 
mersion lens is used, faalitating the recognition of platelets However, any method uniformly uohzed 
by the same individual wall give results which may properly be compared with each other The normal 
value of one s method should be stated in all instances 

CMfiltary FrayUtj (Touniqi/rt Ttst) 

I Teehntc — Four cenumeters below the bend of the elbow anteriorly a circle is drawn the size of a 
twenty five cent piece (approximately i 5 cm diameter) Any pctcchiac present are noted The coff of a 
sphygmomanometer is placed about the arm in the usual ivay, and the blood pressure taken The cuff is 
then inflated to a point halfivay betivecn the systohe and diastolic pressures, and this level is mamtaincd 
for 5 minutes The number of new pctcchiae seen with the naked eye m the msenbed arclc is counted 
Vanations in this test have consisted chiefly 10 the level at which the pressure is tnamtained and the nme 
of Its maintenance The standard method above is suggested for uniformity 

1 Ktsults — Of over 100 normal individuals, 89 per cent showed fewer than lo pctcchiac, and an ad 
ditional 7 4 per cent showed from 10 to lO pctcchiac The presence of o\er 10 new petechiie in 
the inscribed circle is taken as cMdcnce of a positive test (1 c , increased capillary fragility) Frt" 
liminary observations suggest that possibly if the pressure time is 3 mmutes instead of 3 minutes, 
fewer normal individuals will show over 10 pctcchiac 

3 OitiqHc — ^Thc test is positive in both increased capillary permeability and thrombocytopmic 
conditions 


Qthtr Teits 

I Prethromhm Ttmt (Quick') — Normal is about ix to 17 seconds A normal control is run as a check 
a Ascerbic Acid Dctcrvuiiation ^ — Normal is o 4 to 1 o mg per 100 cc plasma 

3 Vltsma Fibrinog^cn “ — Normal is o 15 to o 5 grams per 100 cc blood Blood which lacks fibtinogm 

will not clot, blood poor in fibrinogen will clot very slowly If the clotting time is normal or only s ig t) 

delayed fibrinopenia and afibrinogenemia need not be considered as possibiliucs 

4 Scrum Calcium — Normal is 9 o to 10 5 grams per 100 cc blood Hemorrhagic disease veto )po 
calccmia has not been described 
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ON THE INFLUENCE OF STILBAMIDINE UPON MYELOMA r.F.T.TS 

By I Snapper, M D , and B Schneid, M D 

O NE of us' has reported that in certain cases of multiple myeloma, considerable 
improvement of the clinical condition can be obtained bp intravenous or 
intramuscular injections of stilbamidine (diamidino-stilbene di-isethionate) * It 
IS necessary that the patient follow a diet low in ammal protein A favorable 
result has been observed in 5 out of 10 patients During this treatment with 
stilbamidine, histological changes can be observed developing in the myeloma cells 
The basophilic cytoplasm of myeloma cells is usually vacuolated and, on the 
whole, IS free of granules or other inclusions From time to time- a few azurophilic 
granules and tiny azurophilic rods, resembling Auer bodies, are found Exception- 
ally these azurophilic inclusions grow to a larger size 
During a course of injections of stilbamidine large basophilic granules appear in 
the cytoplasm of the myeloma cells which are without difficulty visualized in bone 
marrow smears by Wright or Giemsa stains These granules have first been observed 
after the treatment has lasted 3 to 4 weeks The amount of stilbamidine adminis- 
tered up to the time when the granules appear has varied between 1875 and 
3600 mg In the beginning the granules have a faint resemblance to swollen cocci 
When the treatment is continued the granules become confluent, so that after 
several weeks of treatment large deeply blue precipitates, resembling inclusion 
bodies, are found in the cytoplasm of most myeloma cells (fig i) 

Supravital staimng of the myeloma cells of untreated myeloma cases with Janus 
green and neutral red reveals the presence of a considerable number of green staining 
mitochondria In the myeloma cells of myeloma cases treated with stilbamidine the 
cytoplasm contains not only green mitochondria but also large red globules Al- 
though It cannot be proved that these red granules visualized by the vital stain are 
identical with the blue granules found in the Wright stain, it may be stressed that 
both types of granules develop at the same time 
The cytoplasm of myeloma cells stains deeply red with pyronine if Unna s phenol 
methylgreen pyromne stain is used In the cytoplasm of the untreated myeloma 
cases this stain does not reveal the presence of any granules In the patients in whom 
stilbamidine treatment has given rise to the development of the granules mentioned 
above, the Unna stain shows the presence of bright red granules in the red cyto- 
plasm 

The granules which develop in the myeloma cells under influence of the stilbami- 
dine treatment are not metachromatic because they do not stain with Unna s poly- 
chrome methylene blue The granules do not show positive oxydase reactions 
In 7 out of 9 cases of multiple myeloma treated with stilbamidine, these inclusion 
Bodies were consistently present and could be found in 80 to 90 p-f cent o 
the myeloma cells of the bone marrow In none of the other bone marrow elements 
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could comparable granules be demonstrated In one of these 7 patients myeloma 
cells could be found in the peripheral blood During the stilbamidine treatment 
these cells also presented the basophilic granules mentioned 
It IS easy to distinguish these basophilic bodies from the large azurophilic in- 
clusions which exceptionally arc found in the mj eloma cells of untreated m) eloma 
patients The azurophilic inclusions ahva}s appear reddish blue in Wright or 
Giemsa preparations The} do not take the pyronine stain, and they cannot be 
visualized by neutral red in the vitally stained preparations 

In highly interesting ins itro experiments, KopaC" demonstrated that stilbamidine 
dissociates protamine ribonucleatc and releases the protamines from these com- 
pounds This mechanism may well be responsible for the changes visualized in the 



Fig I Bone Mareow Smear of a Patient with Mteeoma Treated with Stilbamidine 
M) eloma cells conu-in basophilic inclusions which are stained decplj blue with Wright stain 

myeloma cells under influence of stilbamidine Evidence available indicates that 
ribosc nucleic acid forms one of the main constituents of the basophilic inclusion 
bodies, described above * 


SUMMARY 

In)cctions of stilbamidine cause morphological changes in myeloma cells Dunng- 
this treatment large basophilic granules appear in the cytoplasm which show a 
tcndcnc) to become confluent These granules stain red with pyronine and can be- 

As far as wc can see the m\ eloma cells containing inclusion bodies do not deteriorate nltimatel}' 
owcier in view of the fact that these bodies represent precipitates of nbose nucleic acid the metabolism 
of the cell must have been thross-n out of gear Pcrsonilh wc have the feeling that onl> the extension of 
t t mi eloma areas IS inhibited This would explain the cessation of pains An actual cure, at least for the 
time being wc hai e not obsen cd 
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Visualized in the supravital stain with neutral red One of the mam consutuents of 
these inclusions consists of ribose nucleic acid 
These morphological changes seem to be limited to myeloma cells, since in none 
of the other bone marrow elements do comparable granules or inclusions develop 
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HEMATOLOGICAL CHANGES FOLLOWING THE ADMINISTRATION OF 
large doses of QUINACRINE HYDROCHLORIDE 

B) Charles W Mhshett,* Ph D , and Henry Siegel, M D 

T here is a paucity of data in the literature on blood morphology following 
the admimstration of quinacrine hydrochloride (atabrin dihydrochloride) 
Hecht^ observed no formation of methemoglobin tn vitro or in vivo and no hemolj tic 
action He reports that i rabbit which received loo mg per Kg for 6 successive 
days showed no change in erythrocyte count or hemoglobin content of the blood 
In a group of zo Europeans living in Liberia, each of whom received 143 Gm of 
quinacrine over a period of 7 years (average of about o 05 Gm daily), Jungc- found 
no blood changes Piorkowski^ reported on a patient in whom agranuloc>"tosis 
appeared after the admimstration of quinacrine, but since several other drugs, 
induding a sulfonamide, were also given, this blood change cannot be attributed 
to atabrin alone Recently Barlow et al stated that after prolonged oral admin- 
istration of quinacrine to rats in doses up to 180 mg per Kg they found no signifi- 
cant effect on the blood Fitzhugh and co-workers^ fed the drug to rats in the diet 
and observed basophilic inclusions in the lymphocytes and a leukocytosis, thus 
confirming our earlier hematological findings ® ' 

In view of the increased use of quinacrine, it was considered desirable to investi- 
gate the effects of atabrin on the blood morphology with the hope that such a 
study might reveal criteria which may be used as indicators of toxicity The 
present commumcation is an extension and completion of our prcliminar}’’ study ^ 

MATERIALS AND METHODS 

Nine speaes of laboratory ammals were used in these experiments These in- 
cluded 180 rats, 45 mice, 13 albino rabbits, 16 guinea-pigs, 17 hamsters, 13 mongrel 
dogs, ii monkeys (Macacus rhesus), 6 ducks (white Pekin), and 2.8 chickens 
(single comb white leghorn) The usual stock rations were fed to the animals 
during the investigation The avian species were housed first in group cages or 
large bins at a temperature of 80° F , later at room temperature The mammalian 
species were kept in an air-conditioned laboratory at a temperature of 75° F and 
relative humidity of 50 per cent, the mice in small group cages, the others in 
indwidual cages 

Aqueous solutions of quinacrine were freshly prepared and administered orally 
b) metal catheter and syringe or by stomach tube, depending upon the size of the 
animal The dose levels selected could not be based on chemotherapeutic efficacy, 
since the duck, chicken, and monkey arc the only species used which can be in- 
fected with malaria For this reason, the levels administered were based on the 
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dose (L D 50 for the rat) which kills 50 per cent of a group of rats within X4 hours 
This value, in a series of 100 rats, was found to be 500 mg per Kg Although this 
mortality figure does not hold for species other than the rat, it nevertheless gives 
an indication of the dose range which might produce similar effects 
The rats, mice, rabbits, guinea-pigs, hamsters, chickens, and ducks were dosed 
dally, and the dogs and monkeys six times weekly One monkey receiving 300 mg 
per Kg was dosed only three times per week The dose levels of qumaenne ad- 
mimstered to the various species are shown in tables i and l 
S tandardized blood pipets were used for all counts Erythrocyte counts were 
made with Hayem s solution and leukocyte counts with 7. per cent acetic aad, 
tinted with genuan violet as the diluent The diluung fluid of Hurschfeld and 
Hortink® was used for blood counts in the chickens and ducks Duplicate counts 
were made initially on all ammals and subsequently when a deviation from the 


Table i — Minimum Ttmt CDayi") Retjuind for Production of Blood Cbanys in Rats after Qumaertm 

Treatment 


No of 
rat5 

Dom 

Dose % 
ofLJ) 50 

Rftoge of 
deaths 

Anemia 

Leukocytosis 

Polynucleosis 

Lymphopenia 

Monocytosis 

0 

ll 

l-H 

II 

w 

Slight 

Moderate 

*0 

s 

ss 


per 


days 










10 

“■5 

2-5 

3- 8 

neg 

neg 

neg 

neg 

2--5 

2--3 

neg 

3 

7 

lO 

90 

10 

11-38 

14 

1-7 

33 

i8 

18 

18 

18 

4 

10 

10 

45 

5 

13-93 

x8 

35 

^3 

ll 

XI 

11 

18 

14 

18 

10 

18 

1 

none* 


neg 


119 

II9 

II9 

119 

30 

neg 

xo 

9 

I 

none* 


neg 


neg 

neg 

neg 

neg 

neg 

neg 

xo 

4 5 

0 5 

none* 


neg 


neg 

neg 

neg 

neg 

neg 

neg 

xo 

0 9 

0 I 

none* 


neg 


neg 

neg 

neg 

neg 

neg 

neg 

xo 

Controls 

none* 


neg 


neg 

neg 

neg 

neg 

neg 

neg 


* All animals living at 4 months 


normal was apparent Differential counts were made on Wnght s stained smears 
Hemoglobin deternunations were carried out in a Sahli-Hellige hemoglobmomctcr 
Erythrocyte, leukocyte, and differential counts were made in all speaes but the 
mouse In this speaes differential counts alone were made In dogs, sedimentation 
rate, hematocrit, and icteric index readings were done, using the Wintrobc hemato- 
crit tube with a potassium oxalate-ammonium oxalate mixture as anticoagulant 
Prothrombin values in rats were obtained by an adaptation of Hoffman and 
Custer s micro-method,® and in dogs by the macro-method of Campbell et al 


OBSERVATIONS 

Kats The average weight of the rats used was 193 grams The rats receiving 
ax5 mg per Kg (1.5 per cent L D 50) daily died within 8 days Within 3 days 
an increase in the size and number of vacuoles in the cytoplasm of the lymphocj tiy 
was noted Dark blue staining bodies appeared in the cytoplasm of these cc s 
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Table l, — Incidence of L)mpbocjtic and Erytbrocjttc Inclusions after the Administration of Qumaerme 


Speaes 

Average vrelght 

umber of 
animals 

Dose 

L>TaphcK:j'tic 

inclusions 

Eo'throc>'tic 

inclusions 




ms per Kg 



I Mouse 

xo Gm 

10 

XX 5 

+ 

+ 



5 

90 

— 

— 



10 

45 

— 

— 



10 

4 5 

— 

— 



10 

0 

— 

— 

1. Rabbit 

X 8 Kg 

3 

90 

+ 





4 

45 

+ 

- 



3 

0 

— 

— 

3 Guinea pig 

750 Gm 

z 

i ^5 

+ 





6 

90 

+ 

- 



4 

45 

— 

- 



4 

0 

— 

— 

4 Hamster 

lox Gra 


900 

+ 




4 

^^5 

+ 

_ 



5 

90 

+ 

"h 



3 

45 

— 

- 



3 

0 

— 

- 

5 Dog 

8 6 Kg 

3 

50 

+ 

_ 



I 

5'>-5 

- 

— 



5 

30 

— 




4 

0 

— 

- 

6 Monke) 

3 I Kg 

1 

300 

+ 

_ 



I 

100 

+ 

— 



I 

100 

+ 

— 



1 

40 

- 

— 



I 

xo 

_ 

_ 



3 

10 

— 

_ 




0 

- 

- 

7 Chicken 

60 Gm 

4 

900 

+ 




4 

^^5 

+ 




5 

90 


— 



5 

45 

— 

— 



5 

9 

— 




5 

0 

- 

— 

8 Duck 

80 Gm 








90 

+ 

— 



X 

45 

+ 






X 

0 

— 

- 


't' I"”* “ 
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and inclusions sometimes appeared in lymphocytes independent of each other 
However, the cells containing inclusions usually showed some degree of vacuola- 
tion In some ammals loo per cent of the ]>mphoc>tes eventually contained in- 
clusions So distinct IS the morphology and especially the staining qualities of the 
inclusions that they stand out clearly when present with azurophilic granules in 
the same cell Within x or 3 days the rats in this group also developed a lympho- 
pema and polynucleosis 

After I week, small irregularly shaped vacuoles, accompanied in most instances 
by a dark blue staining material which resembled that found in the cytoplasm of 
the lymphocytes, appeared in many of the red blood cells The blue inclusions in 



Fig I LY>n*HOCYTB of Rat Given 5 Dau,y Doses op Quinaceinb (13.3 Mo per Ko ) 
Basophilic incJusiODS and vacuoJes present jd cytopJasm Wn^ht s srain z}oo X 


the erythrocytes seemed at times partially to fill the vacuoles, )ust as was noted 
in the lymphocytes Polychromatophilic cells were always affected to a greater 
extent than erythrocytes, which took a normal stain The lymphocytic and 
erythrocytic inclusions could be stained with Gicmsa s and Lcishman s stain as 
well as with Wright s solution 

At the 90 mg per Kg level (ro per cent L D 50) the rats died in ii to 38 days 
Within 2. weeks a slight anemia was evident in most rats This progressed to a 
moderate anemia in rats surviving for longer periods, and those rats which lived 
for 5 weeks showed a marked anemia (fig x) lymphocytic inclusions appeared 
within I week and increased in number until an average of about 50 per cent of 
the cells was affeacd The average percentage of lymphocytes with inclusions then 
remained relatively constant until the animals died An occasional monocyte 
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showing inclusioQs similar to those found in the lymphocytes was found in those 
rats showing a marked monocytosis In to x weeks, erythrocytic inclusions and 
vacuoles were evident After weeks many rats showed a leukocytosis accom- 
pamed by a relative or absolute lymphopema, polynucleosis, and monocytosis 
Additional dosing resulted in further increases in the leukocyte counts Absolute 
lymphopema, polynucleosis, and monocytosis were then evident Figure 3 shows 
the trend of the differential counts in these rats 


90 mgrfl per kgm 

46 mgm. per t<g»’ 

9 mgw per Kgm 




Fig X, Blood Comm in Rats Dosed Oeallt with Quinacrinb 
Each curve represents the average counts in lo animals 


Since in rats hepauc necrosis results from qmnacrine admimstration,® it seemed 
of interest to study the prothrombin levels of animals thus affected By abdominal 
palpation of rats dosed with 90 mg per Kg a somewhat enlarged and firm liver 
could be detected Determinations of prothrombin levels on 15 rats suspected of 
having liver necrosis as judged by palpation gave normal values The presence of 
necrosis "was confirmed in tfiese a.nini^ls after death 
The rats receiving 45 mg per Kg (5 per cent L D 50) died in X3 to 93 days A 
5 >g t anemia became evident in this group at 4 weeks, was moderate in 6 to 
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8 weeks, and became very marked in several ammals in 9 weeks (fig z) The red 
cell count of i animal decreased from 9 19 to l 15 million and the hemoglobin 
from 14 5 to 4 o grams The lymphocytic inclusions were observed in z weeks and 
the erythrocytic inclusions in 4 weeks About this time there was a progressive 
increase in the leukocyte count in most rats, accompamed b> changes in differential 
count similar to those noted in the 10 per cent L D 50 group A slight monocjcosis 
was first noted after zi weeks, and in 5 to 7 weeks the rats had an absolute 1) mpho- 
penia, polynucleosis, and monocytosis Some rats died shortly after showing them 
highest white cell counts, while in others a peak was followed b) a decline The 
latter animals died, however, before the counts had returned to normal The ab- 
normal differential counts were most marked at the height of leukocytosis 

The rats receiving 18 mg per Kg (z per cent L D 50) or less, as well as the 
controls, maintained normal red blood counts and hemoglobin values After 4 
months no erythrocytic inclusions were found, but the test group showed 1) mpho- 
cytic inclusions within i month An occasional rat receiving z per cent or i per 
cent L D 50 revealed a slight leukocytosis accompanied b) a slight Ij mphopema, 
polynucleosis, and monoc} tosis, but those receiving less than i per cent L D 50 
as well as the controls maintained normal blood values Table z showj the time 
required for blood changes in all groups of rats 

Since the lymphocj tic and erythroc} tic inclusions were found only m rats dosed 
with quinacrine and never in the controls, the question arose as to whether these 
inclusions were due to a specific action of the drug or were due to a secondat) 
effect such as the reactivation of a latent Bartonella or similar infection To test 
this second possibility a group of zz rats averaging 12.5 grams in weight was dosed 
daily with 90 mg of quinacrine per Kg (10 per cent L D 50) for either 4 or 9 da) s 
only Blood smears were made at frequent intervals during and after the dosing 
period and examined for inclusions in the lymphoc) tes and red blood cells After 
4 doses of quinacrine an average of l) per cent of the 1) mphoc)Hes of these rats 
contained inclusions The percentage of lymphocytes with inclusions continued to 
increase in all animals and reached a peak within 9 days, irrespective of the numbet 
of doses of quinacrine given However, the percentage of lymphocytes involved 
was slightly greater in the ammals receiving the greater number of doses After 
the peak level was reached the percentage of lymphocytes containing inclusions 
decreased at approximate!)^ the same rate in all animals unul none could be found 
after about i month (fig 4) Erythrocy^tic inclusions were observed in small num- 
bers in rats which received 9 doses of quinacrine These inclusions were absent 
from the red blood cells after i month 

To study further the relationship of a possible infection to the lymphocytic 
and erythrocytic inclusions, an attempt was made to induce these inclusions in 
rats and rabbits by blood transfusion Heparimzed blood, from rats in which 50 
per cent of the lymphocytes and a large number of erythroc) tes contained inclu- 
sions, was injected intravenousl) into 5 normal weanling rats (o 1 cc each), 3 
splenectomized adult rats (03 cc ) and 3 young rabbits (05 cc ) Blood smeaK 
were then made from the recipients at 3 day intervals for i month and examined 
for inclusions All smears were found to be negauve 
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Mict Mice receiving xx5 mg per Kg died within i. to ii days Lymphoc>tic 
inclusions were seen within 6 days in 8 of lo mice An average of 14 per (xnt o 
the lymphocytes contained inclusions on the mnth da> and xo per cent were affected 
by the twentieth day Erythrocytic inclusions appeared in all animals within a 

LVHPHOCyTES 

NEUTROPHILS 

monocytes 


WEEKS ON TEST 


Fig 3 Djtterential Cell Coultes in Rats Dosed Oeally with Odinaceike 
Each curve represents the average counts m 10 animals 

■'■\cck The mice showed a polynucleosis and lymphopema by the sixth day No 
inclusions nor changes in differenual counts were observed in mice receiving doses 
of 90 mg per Kg or less 

Kabhits Lj mphoc} tic inclusions were found within i to 3 weeks in rabbits dosed 
oralh with 45 or go mg per Kg The animals on the higher dose level died within 
S to 13 da> s, w hilc a few’ of those receiving the lower level survived several months 
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of drug therapy The total Icukoc) tc counts increased or decreased, but the diffcr- 
ennal counts remained essentially normal No er) throqnac inclusions were ob- 
served, and only a questionable decrease in er}''throqte count or hemoglobin 
occurred in a few rabbits 

Gwma-pgs The guinea-pigs receiving 12.5 mg per Kg died within 9 da} s At 
I week, lymphocytic inclusions were observed in these ammals Three of the 6 
animals dosed -with 90 mg per Kg showed l}'mphoq tic inclusions within 9 to 



DAYS ON TEST 

Fio 4 Curves of Refresentattvb Rats SHOwT^o Time of Appearance and Disappearance op Lympho* 

CTTES WITH Inclusions 

Rats received oral doses of quinactine — lo pec cent L D 50 mg per Kg ) 

16 da) s, but no other blood changes became ev ident during the experiment Blood 
values remained normal in the guinea-pigs dosed with 45 mg per Kg for periods 
up to 66 days 

Hamsters The hamsters dosed with 900 mg per Kg died on the second da) 
They showed lymphocytic inclusions, a decrease in 1 } mphoc} tes, and an inaeasc 
in neutrophils just before death In the hamsters which received 12.5 mg per Kg , 
lymphoq'tic inclusions and a slight to moderate 1} mphopema and pol> nuclcosis 
were noted within two da}^ No changes in er} throq^tc or total leukocyte counts 
became evident in ammals dosed with 90 mg per Kg for 16 to 19 da}'s All had 
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1 ) rnphocytic inclusions within 7 16 days Shortl) after this time inclusions were 
seen Quinacrinc at a level of 45 mg per Kg failed to produce any marked blood 
changes in hamsters dosed for 163 da}S One animal showed a decrease in 1 } mpho- 
cytes and an increase in neutrophils after i6 doses, but the differential count re- 
turned to normal and remained so thereafter 

Doses of 100 mg per Kg or above caused vomiting, salivation , and even 
death Dogs dosed six times weekly with 50 mg per Kg showed lymphocjtic 
inclusions within 36 to 49 days The number of lymphocytes involved was low, 
never exceeding 3 per cent With additional dosing, the presence of Ijmphocytic 
inclusions was not a constant finding Most of the dogs developed an anemia and 
one showed a decrease in leukocyte count from 15,1x0 to 3,060 The animal show- 
ing the leukopenia also had a lymphopenia and polynucleosis, but no differential 
changes were evident in the other dogs One dog dosed with 50 mg per Kg 
vomited frequently, and showed as a result a definite hemoconcentration When 
the dose level was reduced to 5 mg per Kg , the blood values returned to normal 
and remained so throughout the following 8 months, duting which period the 
animal received xo6 doses of drug An anemia and concomitant increased sedimen- 
tation rate developed in dogs given 30 mg per Kg for 5 months 
Blood coagulation time, prothrombin and icteric index values remained normal 
in all dogs regardless of dose or period of dosing 
Monkeys The administration of 100, xoo, or 300 mg per Kg caused lymphocytic 
inclusions to appear in the monkey within x to 5 weeks As many as 39 per cent 
of the lymphocytes were thus affected Anemia, which occasionally was only 
transient, was observed after doses of xo to t,co mg per Kg While a leukopenia 
occurred in some of the animals, no petsistent changes in the differential count 
were seen 

Chickens Chickens getting 900 or 20.5 mg per Kg showed lymphocytic inclu- 
sions after 4 to 9 doses The birds receiving 90 mg per Kg had, after 48 doses, 
an average of x per cent of the lymphocytes with inclusions No other blood 
changes were seen 

Ducks Lymphocytic inclusions appeared within x months in ducks receiving 
90 or 45 mg per Kg No other abnormalities were observed in any of the ammals 

COMMENT 

The oral administration of quinacrinc to rats, mice, rabbits, hamsters, gmnea- 
pigs, dogs, monkeys, chickens, and ducks resulted in dcfimite hematological 
changes These consisted of anemia, leukocytosis, the appearance of pecuhar baso- 
philic inclusions in the cytoplasm of lymphocytes and erythrocytes, and altera- 
tions in the differential count The appearance of lymphocytic inclusions after 
quinacrinc therapy was a constant feature in all spcacs, whereas the other changes 
1 aned with the species Lymphoqnic inclusions were usually assoaated with an 
increased vacuolation of the affected cells The percentage of the lymphocytes in- 
^ ol\ cd showed a relationship to the dose level and the number of doses of atabrin 
g'^ en Although ly mphocyTic inclusions were seen in all nine speaes, erythrocytic 
inclusions rscrc obscn'cd only in rats, mice, and hamsters The presence of inclu- 
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sions IQ the lyTnphoc}’'tcs ma) be related to the destruction of this cell t) pe since 
the rat, which showed the most marked lymphopenia, likewise had the highest 
percentage of lymphocytes with inclusions Anemia was observed in the rat, 
monkey, and dog Scudi and Hamlin^* recently have reported an increase in plasma 
fibrinogen of dogs fed quinacrine The increased sedimentation rate seen in dogs 
in the present investigation is probabl} the result of both anemia and increased 
plasma fibrinogen, since both these blood changes are said to increase the rate of 
settling of erythrocytes *- 

Leukocytosis was noted in the rat and leukopema in the monkey and occasion- 
ally in the dog The usual differential change consisted of a 1 } mphopema and 
polynucleosis, while the rat showed, in addition, a monoc}'’tosis This species van- 
ation in the effect of quinacrine on the blood picture is scarcely surprising since 
there is such a wide range among the various species with regard to the lethal 
toxiaty of the dtug 

The possibility that some of the blood changes might be due to the activation 
of a latent infecuon, such as that caused by Bartonella muris or a related organ- 
ism, was considered The noninfcctious nature of the quinacrine inclusions is 
indicated by the fact that they could not be propagated in weanling rats, adult 
splenectomized rats, or ) oung rabbits by the injection of blood from quinacrinc- 
dosed rats contaimng these inclusions Furthermore, the inclusion> could be 
maintained in the blood onlj by the continued administration of quinacrine, ces- 
sation of quinacrine dosing resulted in their disappearance The quinacrine in- 
clusions are unlike the Eperythrozoon coccoidcs inclusions described by Schilling'^ 
and Elliot and Ford’® or the gametoc) te of Hepatozoon muris described b> Miller 
No Bartonella inclusion bodies were found at any time in the red blood cells of 
rats receiving quinacrine We have presented elsewhere evidence that the 1 } mph- 
oc>tic inclusions are probabl) quinacrine or a substance related to it ® 

Blood changes similar to those observed after the administration of qumaenne 
have been reported b) Suzuki, Sasaki, and Kurisu'' in rabbits dosed with tr)pa- 
flavine Trypiaflavine, like quinacrine, is an acridine d)e After injections of this 
drug, the authors observed a defimte anemia and a leukoc) tosis followed b) a 
leukopema just before death The pseudoeosinophils at first increased and then 
decreased below the initial level L) mphopema and monocytosis also dec eloped, 
but inclusions arc not menuoned 

Although aplastic anemia and agranulocytosis have occurred in rare instances 
in man after prolonged suppressive medication with qmnacrinc,‘® usuall) no 
sigmficant changes in the blood picture are seen during such treatment ^ Since 
hematological studies in human beings dosed with quinacrine are rclauvel) few, 
there remains the possibiht) that more complete invesugauons may reveal other 
alterations in the blood picture However, the proph)lacuc dose of quinacrine 
for man (^100 mg per adult dail) , or an average of about i 4 mg per Kg ) is much 
lower than the dose which produces blood changes in animals Doses higher than 
this or very prolonged administration of the drug might result in alterations of 
the hematological picture in man similar to those observed in laborator) animals 
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SUMMARY 

The administration of quinacrinc to rats, mice, rabbits, hamsters, guinea-pigs, 
dogs, monkeys, chickens, and ducks results in definite hematological changes 
Peculiar basophilic inclusions, usually associated with vacuoles, appear in the 
C}'toplasm of lymphocytes of all nine species following drug therapy Inclusions of 
a similar nature are seen in erythrocytes of the rat, mouse, and hamster and rarely 
in monocytes of the rat 

The rat shows an anemia, polynucleosis, lymphopenia, and monocytosis after 
quinacrine dosing None of the other species develop a leukocytosis or monocytosis, 
but they sometimes show a polynucleosis and lymphopenia after quinacrine ther- 
apy Leukopenia occurs in the monkey and occasionally in the dog following the 
use of this drug 
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REFERENCES 

* Hecht, G Arch f exper Path u Pharmakol ijo 318, 1933 
’JuNGE W Arch f Schiffs u Tropcn-H)g ^3 409 1939 

’ PiORKowsw, F O EasT African M J 2-1.7 1939 

* Baruow, O W , Auerbach M E and Rivenburo, H J Lab & Clin Med 30 10, 1945 

‘ PiTZHUGH, O G , Nelson A A , and Calvary, H O J Pharm & Exper Therap S; 107, 1943 
' Siegel, H., AND Mushett, C W Arch Path 63,1944 
’Mushett, C W , AND Siegel, H Am J M Sc ao; 411,1945 

* HiRscnrELD, W K , and Hortink, A W J H Acta brev Neerland ij 101,1941 
’ Hoftman, O D and Custer, R R Am J M Sc 104. 410, 1941 

Campbell, H A , Smith, W K , Roberts, W L , and Link, K P J Bio) Chcra /3f* 11, 1941 
"ScuDi, J V , AND Hamlin, M T J Pharm & Exper Therap So 150, 1944 
” Gilugen, D R , AND Ernstene, a C Am J M Sc j# 7 551, 1934 
'’WiNTROBE, M M Clinical pathology Lea and Fcbiger, Philadelphia, 1941 
"ScKiLUNG, V Klin Wchnschr 7 1853,1918 
Elliot, C P , and Ford, W W Am J Hyg 12. 677, 1930 
“Miller, W W U S Hygiene Lab Bull No 46,1,1908 
'1 Suzuki, S , Sasaki, T , and Kurisu, J Kyoto-Alcadaigalcu Zaschi la. 637, 1934 
“ Livingood, C S , AND Dieuaide, F R j a M a ray 1091, 1945 
'* Dresv, W R M , AND Reid, J Lancet a^j 107, 1945 
Maeoraith, B , AND Havard, R E Lancet a^j 141, 1945 



SPECIFICITY OF ISOAGGLUTININ RESPONSE FOLLOWING INJECTION 
OF GROUP SUBSTANCES INTO GROUP O INDUTDUALS 

B) William C Boyd, Ph D , akd Fraj-qs C Lowell, M D 

I T HAS been shown* - that injection of mixed A and B substances prepared from 
animal sources b) Witebsk) s method” into individuals of group of A or B will, 
inagood percentage of cases, cause a sharp rise in the anti-Aor anti-B isoagglunmn 
titer, depending on the blood t}-pe of the indn idual injected This rise in titer is 
usuall) associated with a marked increase in the aviditj (rapidit) and strength 
of reactions on slides) of the scrums of the injected individuals There is reason to 
think that the aviditi of a scrum is as important a characteristic from the prac- 
tical point of view as is its titer, although the latter is doubtless a better measure of 
the amount of antibod) present An indii idual of group A docs not produce an) 
demonstrable anti-A following the injection of A substance, nor docs a group B 
individual produce an) demonstrable anti-B after the injccuon of B substance In 
other words, the iso-immunc agglutinins produced conform to Landstcincr s rule * 
This could be explained b) assuming that anti-B agglutimn produced in a group B 
individual was absorbed b) the individual s own red cells or tissues, but it is per- 
haps more probable that a group B indit idual is cntircl) incapable of forming ann- 
B agglutimn 

No one has been able to show to date that the normal production of anti-A and 
anti-B isoagglutinins rcqmrcs that the indn idual be exposed to the corresponding 
group substances Furuhata’ proposed the thcor) that the blood group genes cause 
the production, not onl) of the corresponding agglutinogen, but of an agglutimn 
or agglutinins for the group substances not produced Thus, an individual of group 
O, according to Furuhata s theor) , produces anti-A and anti-B because of the O 
genes he possesses If this thcor) were true, the question v ould arise as to whether 
the amounts of anti-A and anti-B can \ an independent!) in a given group O in- 
dividual 

At the suggestion of Dr J F Enders, we hate imestigatcd the speafiat) of the 
antigcmc response, using group O toluntcers, whose plasma contains both anti-A 
and anti-B In these experiments we injected A substance prepared b) Witebsk) s 
method from hog stomach" and A and B substance prepared from horse stomach * 
The A substance was assumed to be free from B rcactivit) , but certain considera- 
tions hat c led us to believe that a small amount of B rcactivit) mat reside in the A 
substance we used (sec below) We recognize that, although the A substance used 
b) us will precipitate spccificall) with high titered naturall) occurring human anti- 
A scrum, it still ma) not be identical w ith that present in the cells of human beings 
The B substance prepared from horse stomach appears to have ncarl) alwa)S as- 
soaated tvith it some A activit) , possibl) as a part of the same molecule 

From the Evans Memorial Massachuserts Mcmonal Hospitals, and the Department of Mcdianc, 
Boston Univcrsit) School of Mediane 

* The A and B substances were kmdl) supplied bt Eli Lillj- and Co 

54S 
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No voluniecr was accepted who ga.ve a historj of allerg} , even chough we knew 
nothing about group substances to suggest that their injection into allergic in- 
dividuals would have been dangerous So far as could be determined, none of the 
subjects had rccen cd any previous injection' of group substances, plasma, or whole 
blood with the exception of subject i, who had received a transfusion of blood of 
his own type f^group three months before the experiment reported here A skin 
test in which o 02- cc of the undiluted solution of A substance was injected ender- 
mally produced no immediate or delayed reaction in any of the subjects * The test 
dose represented an appreciable fraction (one fifth) of the antigenic dose given in- 
travenously and may have contributed to the antigenic response In view of the 
number of reaction-free transfusions which have been performed with group O 
blood conditioned by the addition of lo mg of the mixed group substance to each 
yoo cc of blood, it did not seem likely chat the intravenous injection of the small 
amount used by us would cause systemic reactions 
After a sample of blood bad been obtained, each subject was injected in 
travenously with o i cc of a solution which contained i o mg group A specific 
substance per cc The material was mixed with about o 9 cc of sterile saline, for 
convcmence in handling No chills or other unfavorable reactions occurred At the 
end of 14 days, blood was drawn for testing and then some of the subjects received 
a second injection of o i cc of a solution which contained 7 mg of A substance 
derived from hog stomach and 5 mg of A and B substance derived from horse stom- 
ach in 10 cc Skin tests with the solution of A and B substance before the second 
injection gave immediate type wheals and erythema in 4 of ii subjects No reac- 
tions followed the intravenous injections, however 
The technics of testing have been described elsewhere * Avidities arc given in 
terms of time intervals which increase logarithmically (each longer than the pre- 
ceding by the factor x), instead of in seconds This is based on observations^ that 

the longer the time which elapses before agglutination is observed, the less impor- 
tant the exact number of elapsed seconds becomes To take subject 14 as an exam- 
ple, It was found that his serum gave first visible agglutination with Ai cells in 
time interval number 5, an interval which began 4 6 seconds after the scrum and 
cells were mixed, and lasted 7 x seconds Complete agglutination, however, was 
not observed until the eighth interval, which began 13 i seconds after mixing, and 
lasted X7 5 seconds The reason for the choice of these raechamcally timed intervals 
IS discussed by Boyd' elsewhere We may simply say here that our experience sug- 
gests chat a difference of one interval has about the same sigmficancc all along the 
scale 


RESULTS 

The changes in titer of isoagglutinins following the injection of A substance are 
shown in table i In an effort to present the material as completely as possible, only 
muial titers (i c , before injection) are given, followed by the factors by which 

• In one of us uho ujs not a subject there developed a wheal, flare, and itching at the site of the 
t^nnal injection in about 5 hours This reaction was similar to that which, on several occasions, had 
wen ob^Tved to follow the endcrmal injection of diluted horse serum 
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these muse be multiplied to obtain the titer after mjecnon To take an example, 
the serum of subject 14 gave a titer of 64 against Ai cells before injection, and after 
the injection of A substance, a titer of 64 X 4 = 2.56 After a further injecuon of A 
and B substance, this titer went up to 64 X 4 X L = 5 il Of the ll subjects rcccn - 
ing a single injection, 16 showed an increase in titer of four-fold or more as meas- 
ured by Ai cells and 15 as measured by Ao cells There is as also some increase in the 


Table i — Changes in thi Titer of Iicafglutinins FcIIowiiig a First Injectien of A Snhstanct and a Stcend 
Injection of A and B Substance Tuo Weeks Later 


Subject 

Dumber 

As tested with Ai cells 

As tested with A 

celU 

As tested with B cells 

Titer before 
injections 

•Increase in titer after 
injection of 

Titer before 

IDjectlODS 

Increase in titer after 
injection of 

Titer before 
injections 

•Increase in 
titer after injec 
tion of 

A sub- 
stance 

A + B sub- 
staneef 

A sub 
stance 

A -f- B sub- 
stancef 

A sub- 
stance 

A-i-B 

sub- 

stancet 

1 

118 

8 


8 

16 


16 

1 


2. 

1014 

8 


118 

16 


156 

1 


3 

3 ^ 

4 


4 

8 


16 

1 


4 

32- 

64 


3 ^ 

1 


64 

— 


5 

ii8 

16 


118 

8 


64 

1 


6 

118 

— 


64 

— 


iiS 

— 


7 

31- 

8 


8 

16 


16 

4 


8 

118 

— 


31- 

1 


16 

1 


S 

64 

3 ^ 


64 

4 


32- 

— 


10 

16 

4 


8 

1 

* 

156 

1 


11 

l56 

3 ^ 


ii8 

8 


64 

4 


11 

118 

8 

1 

8 

3 - 

— 

8 

8 

8 

13 

118 

4 

8 

118 


8 

64 

1 

8 

14 

64 

4 

1 

3 ^- 

1 

1 

64 

1 

— 

15 

156 

— 

— 

3 ’- 

4 

— 

64 

1 

1 

16 

64 

— 

1 

8 

8 

— 

32- 

— 

16 

17 

3 ^ 

4 

8 

16 

8 

1 

y’- 

— 

8 

18 

64 

8 

— 

16 

16 

— 

64 

— 

8 

19 

3 ’- 

8 

— 

16 

8 

— 

64 

— 

— 

xo 


— 

8 

118 

4 

1 

1x8 

1 

1 

11 

31 

8 

1 


8 

— 

16 

8 

— 

11 

118 

— 

1 

y’- 

1 

1 

64 

— 

1 


* Rano of new titer to original ater Diluuons made in steps of ti\o 
t Further increase in titer after second injecaon 

A dash ( — ) means no increase in nter (1 c. a ratio of one) When no entri appears, the test 
indicated was not done. 

titer as measured by B cells, 4 subjects showing a four-fold rise or more and onl) 7 
showing no change at all Thus as measured by Ai or Aj cells approximate!} two 
thirds of the subjects showed a four-fold rise in titer or more whereas less than one 
fifth showed such a rise for B cells In every' instance in which a rise in the anti-B 
titer occurred there was an equal or greater rise in titer for either Ai or Aj cells or 
both In subjects 4, p, 16, 17, 18, and ip a significant increase in titer for either A i or 
A2 occurred in the absence of any change whatever in the titer for B cells The in- 
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tensit) of the antigenic response varied widel) in different individuals Subject 6 
showed no change whatsoever, and subjects 8 and 2 . 2 . showed no more thin a two- 
fold increase in titer with anj of the three t\ pcs of cells, changes which arc of 
doubtful sigmficance On the other hand, as measured with Ai cells, subject 4 
showed a 64-fold rise, and subjects 9 and i x showed a 32.-fold rise as did also subject 
IX as measured with A; cells 

Changes in titer for Ai and A- cells did not increase to the same degree in each 
instance In ix subjects the increase in isoagglutinins, measured with A- cells, was 
greater than that measured with A 1 cells, whereas the reverse was true in 8 subjects 
In subjects 15, 16, and xo a four-fold or greater increase in titer for A2 cells occurred 
in the absence of any change in titer for Ai cells, and the reverse was true for sub- 
ject 13 A relationship benveen the initial titer and the intensit) of the antigenic 
response is perhaps seen in the titers for Ai cells Of 7 subjects (3, 4, 7, 10, 17, 19, 
and xi) who had imtial titers of i 3X or less, ail had a four-fold or greater increase 
Of the remaining 15 subjects, all of whom had an initial titer of i 64 or more, onl) 

9 showed a four-fold or greater rise 

The titers of isoagglutinins for Ai or A2 cells in the serums of subjects ix to xx, 
two w'eeks after receiving the injection of A substance, were not affected by absorp- 
tion w'lth B or O cells 

As mentioned before, ii subjects received a second injection consisting of a mix- 
ture of A and B substances two weeks after the first and were again bled after a 
period of two weeks The changes in titers for Ai, A?, and B cells are also shown in 
table I A further significant increase in titer for A cells occurred in 3 and for A* 
cells in 1, a definitely smaller proportion than that following the first injection 
Against B cells, on the other hand, 5 subjects showed a four-fold or greater increase, 
3 of them (subjects ix, 16, and 18) showing no sigmficant change in the Ai or A2 
titer Subjects 16 and 18 had responded specifically to the previous injection of 
A substance 

Changes in avidity were also followed in 15 of the xix subjects receiving a single 
injection of A substance and in 11 subjects receiving a second injection of A and B 
substance The results are shown in table x Of 10 subjects (x, 3, 7, 11, 13, 14, 17, 
18, 19, xi) whose serums showed an increase in the titer of Ai cells of four-fold or 
more following the injection of A substance (table i), 6(3, 7, ix, 13, 14, xi) showed 
a significant increase* in avidity for Ai cells and 4 showed no sigmficant change 
On the other hand, of 5 subjects (6, 15, 16, xo, xx) who showed no significant in- 
crease in isoagglutinins for Ai cells, only i (xo) showed an increase in avidity As 
tested w ith A2 cells the correlation of change of avidity and increase in isoagglutinin 
Was slightly better Of 11 subjects (x, 3, 7, ix, 15, 16, 17, 18, 19, xo, xi) in w'hom a 
significant increase in isoagglutinins occurred onl) 3 (x, 15, 16) failed to show an 
increase in avidity Of 4 subjects (6, 13, 14, xi) showing no significant increase in 
isoagglutinins, x (6, xi) also showed no increase in avidity Following the injection 
of A substance the agglutinins for B cells rose sigmficantl) in 3 (7, ix, xi) of the 15 
subjects in whom tests for aiidit) were made In these 3 subjects the avidit) for B 

^ decrease of _ or more logarithmic internals' is considered significant in this discussion 
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cclls also increased In 6 subjects (6, 16, 17, 18, 19, i2.)mwhomabsolutel) no change 
in the isoagglutinin titer for B cells took place there was a significant increase in 
avidit) in X (6, 16) 

Following the second injection \shich contained both A and B substances the 
increases in avidit} were more striking, espeaall) as measured sMth Ai and B cells 
(The increase in avidity had been most marked following the first injection when 
measured with A2 cells ) Howes er, correlation with changes in titer of isoagglunn- 
ins was almost entirely lacking svhen the asidit} was tested ssith Ai or A; cells 


Table x, — Isoag^Ittttntn Avtditits tn Group 0 Serums befere and after Intravenous Injection 



A\iditiC3 ' before 
injection 

Avidities after iDjection of A substance 

‘ A\ idities tiler 
injection of \-i-B 
substance 

k. 

ta 

.2 




1 


After absorption With 



3 

C 

Ai A 

B 

Ai 

A, 

B 

B cells I 0 cells i 

Ai Aj 

B 


I C I C 

7 r 

I C 

I c 

I C 



I C I C 

IC 

0 

C 






Ai Aj Ai 

Aj 



C 






I C IC IC 

IC 




4-7 4-7 

5-9 

3-6 

3 “^ 

3-6 





3 

3-S 4-8 

5-8 

3-6 

3-6 

3-6 



1 


6 

3-6 4-7 

5-9 

4-7 

4-7 

4-7 





7 

3-8 3-8 

5-9 

3-6 

3-6 

1 3-6 





11 

4-8 4-9 

5-9 

4-6 

3-6 

! 3-8 

1-3 x-4 x-3 

1-4 

--4 --5 

--5 


3-8 4-9 

4-7 

3-6 

3-8 

3-7 

--4 3-5 --3 

i -4 

x -4 x -5 

i -5 

M 

5-8 5-9 

5-8 

3-7 

3-6 

3-7 

x -4 x -5 x -3 

--4 

1-4 --5 

i~6 

13 

3-7 4-7 

5-8 

4-7 

3-7 

3-8 

2--5 3-7 i -5 

3-7 

J -5 ^-5 

--5 

16 

CO 

1 

CO 

1 

4-9 

3-8 

5-8 

--8 

1-4 3-6 _-3 

=■-5 

x-5 x-6 

1-4 

17 

4-8 3-9 

4-7 

4-7 

3-7 

3-8 

=■-6 3-7 --4 

3-6 

1-5 _-7 

1-4 

18 

3-7 3-8 

3-7 

4-6 

3-6 

3-7 

3-4 3-5 --5 

3-5 

1-4 _-4 

1-4 

19 

3-7 3 -S 

3-7 

3-6 

3-6 

1 8-7 

x-5 3-6 .-4 

3-5 ' 

1-5 

1-6 

lo 

3-6 3-6 

3-6 

3-4 

3-4 1 

1 3-4 

x-3 --4 _-3 

--4 

1-3 1-3 

x -5 

11 

1 4-7 4-8 

4-13 

I— € 

; ^”6 

1 

3-4 3-5 --4 

3-5 

--4 --5 

I ’--7 

11 

1 3-7 3-7 

4-7 

4-6 

3-7 

1 

3-5 3-6 3-4 

1 3-6 

j 

--4 


Avidities arc recorded in term^ of intervals of time required (on an arbitrar\ logarithmic 
scale (*I) for agglucinaaon to be seen (I) and font to become substa□tlalj^ complete (C) 


Sigmficant increases in asndit) were, hots ever, associated with sigmficant increases 
in isoagglutimns for B cells in subjects i6, 17, and iS 
The specificity of the observed changes in aviditj is open to question When some 
of the serums were absorbed with O and B cells (table 2.) and were then tested with 
Ai and A; cells, an increase in aviditj was obsertxd to hate taken place in most of 
the serums As menuoned before, absorption of these serums wnth O and B cells did 
not alter the titer for Ai and A2 cells 

DISCUSSION 

From the data obtained in this stud^ it seems reasonable to conclude that in 
certain individuals the production of isoagglutimn for one group substance can 
occur entirel) independently of the production of the other Caution is nccessar) , 
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however, because the group substances injected ma) not be identical immunologi- 
cally with those occurring naturally in human cells, and therefore the possibility 
cannot be ruled out that in each instance an antibodj differing from the naturally 
occurring isoagglutimns was being produced dc novo However, nothing in this 
study indicates that the antigenic response intolvcd anything other than an in- 
crease in the titer of true isoagglutimns 

That some B activity was present in the supposcdl} pure A substance used in 
this study IS suggested by the increase in anti-B which followed the injection of A 
substance in some subjects and also by tn vitro experiments designed to test just 
this point When A substance was added to scrums containing A and B agglutinins 
in amounts sufficient to abolish all anti-A activitj in the scrum, a defimte decrease 
in the titer of anti-B activity took place This change was greater than that which 
could have been accounted for by mere dilution Thus the rise in anti-B titer which 
occurred unequivocally in lo of the xa subjects receiving an injection of pure A 
substance may well have been due to the presence of small quantities of B activity in 
the preparation A second possibility is that the injection of A substance causes 
m some individuals an increase in other related or unrelated antibodies Therefore, 
the occasional nse in anti-B titer following the injection of the A substance may 
carry no weight as an argument against the theory that the production of the two 
isoagglutimns occurs independently in all individuals 
One may conclude from this study that an increase in the titer of anti-A can 
occur without any increase in anti-B The presence of traces of B activity in the A 
substance used, nonspcafic stimulation of antibody production, or both may 
explain those instances in which a rise in anti-B occurred following the injection of 
A substance There is also the rather unlikely possibilitj that the observed inde- 
pendent production of anti-A can occur only in certain individuals and that in 
others the production of one isoagglutinin necessarily entails production of others 
The tests for the avidity of the isoagglutimns were earned out in the hope that 
the) would shed further light on the specificity of the anu genic response to the 
injection of group substances However, the avidities were influenced by factors 
the nature of which was not determined Although increases in avidity usually 
took place with increases in the titer of isoagglutimns, such changes in avidity 
could not be correlated with changes in titer alone 

SUMAIARY AND CONCLUSIONS 

The anti-A and anti-B titers in group O individuals may vary independently 
following injection of group-specific substances, although such independent varia- 
tion was not always seen The rise in anti-B which followed the injection of A sub 
stance in some instances may have been due to traces of B activity in the A sub- 
stance or to nonspecific stimulation of antibody which may follow the injection of 
an) antigen The part played by such factors was not determined 
It IS concluded that the presence of A and B agglutinins in O individuals is not 
ependent on a single cellular characteristic responsible for the simultaneous 
formation of the isoagglutimns 
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THE BLOOD GROUPS, SUBGROUPS, AND RH FACTOR OF THE 
MAPUCHE INDIANS OF THE PROVINCE OF CAUTIN, CHILE 

L Sandoval S , M D , C Hlncki l, M D , and L Gi\omcii, M D 

S INCE our first work on blood groups (1915) wc hive been desirous of nppls mg 
thcscstudics to the scro-anthropolog\ of tlic Indians of our countr\ Bernstein,’ 
Ma2za and Frankc,” Moss and Kennedy Nigg,’ Snsder,- Coca and Dcibert,^ and 
others studied different aspects of the scro-anthropolog\ of American Indians In 
1930, Onette and Castillo' published an interesting work on Auracan blood 
groups Then came the w’ork of Allen and Scheffer,'' on the classic blood groups, 
and of Allen and Larsen on the NI and N t\ pcs •' We shall onl> mention, because we 
do not propose ro do a critical or bibliographical stud\ on the subject, the names 
of Arce Larreta, Battistin., Candela, Fasero, Ferreira, Gates, Golden, Gon/alcz, 
Goodner, Grant, Hirszfeld, Kahn, Kossovitch, Landstciner, Lc\inc, Marroqum, 
Matson, Paulotti, Ribeior, Ridt, Rife, dc la Riscrc, Santiana, Schiff, Bo\d, W\- 
man, and Wiener Wc do not include Rham s studies, notwithstanding the fact 
I at he made an investigation in Mapuchc, Fucguino, and also on Pascuensc 
n Ians, because wc believe that these inacstigations require aerification b% more 
accurate material and methods First wc studied the mean aalues of groups, sub- 
poups, types, and factors m the population of the capital citj , Santiago, where 
Ians arc rare Wc then began a senes of inaestigations”’"'’’ on blood groups, 
^groups, types, and the Rh factor in various subjects Hcnckcl, Castelli, and dal 
f (^ 94 ^) t^he mean values of M and N tj pcs on 100 Mapuches 

® t c rovincc of Cautin, with scrums prepared b) our assistant \'arlcta in the 

oratorio de Policia Tccnica, and controlled with North American scrums 
from Landstciner 

cit Henckcl and Givovich, we went to Temuco, capital 

^ rovincc of Cautin (thanks arc given to D Gen dc Invcstigaciones for 
there performed serological investigations on 1,05 Ma- 
white crossing, all of whom the morphologist-anthropologist 
the cl ^ correspond with the type of Indian from this region Wc visited 

tjjg r schools of Padre las Casas, Metrenco, Caj6n, Labranza, and Boroa, 

hospitaT ^ H Infantry Regiment at Tucapcl, and the Temuco 

nrViA, f Thanks arc due to authorities and teachers from Temuco and the 

oth« localities for their help 

1^3 ttivcstigatcd were 4 to 60 years old, 42. were women and 

'^*il\ Th three anti-A and anti-B human scrums, which were retested 

’t the fi scrums were 1/510 and 1/1014 The slide technic was used 

t , where we took the samples, the tests were later checked with the 
Ff 

IjboTat Tccnica Forense dc la Facultad dc Farmacia dc la Univcrsidad dc Chile and 

do\a\ s ^ Pohcia Tccnica dc la D General dc Invcstigaciones Director Prof Dr L San- 

^ C Hcnckcl^ ^*s^oIogia dc la Univcrsidad dc Conccpci6n (Chile) Director Prof 
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tube technic, with a l per cent suspension of erj^throc) tes (o 85 per cent NaCl) in 
the Central Laboratot}^ (Seguro Obrero) of Temuco 
The subgroups were tested with two anti-A serums, one prepared bj our assist- 
ant Varleta and the other obtained from Blood Donor Service, Jamaica, New York, 
and standardized by Wiener The standard Rh factor was also invesugatcd iMth 
mo scrums, one prepared by Givovich, and the other of North American origin 
Thanks arc due to our colleague Prof Dr Vaccaro H who kindl} gat c us 1 cc 
of American Anti-Rh Standard Scrum to complete our senes The subgroups ttcrc 
done on slides and tubes, and the Rh factor in test tubes using the regular technic, 
as described by Wiener and Levine 

All reactions in tubes were performed in an incubator at 37° C 


RESULTS 

The condensed data for the 105 Mapuches arc as follows 

Table i 


Group and Subgroup 

0 

AI 

A 2 ! 

B 

A!B 

AIB 

Total 

Absolute no 

17S 

17 

X 

7 

X 

0 

105 

Per cent 

S6 8 

s 3 

0 5 

3 4 

I 0 

0 

ICO 


If we use the Thomsen and Wcllisch formula, we have 


Pi = 

Vo + Ai 

+ Ai “ 

Vo + Ai 

Pi = 

Vo + Ai 

. ~ Vo 


q = 

Vo + B ■ 

- Vo 


r = 

V5 



Substituting the 

frequencies obtained 

Pi = 

V 9559 ~ 

V 8730 

= 4 3% 

Pi = 

V 8730 — 

V 868i 

= 03% 

q = 

V 90i3 - 

V 868i 

= I 8% 

r = 



= 93 2-% 


Therefore, Pi -f Pi + q -j- r = 99 6 per cent, which corresponds sausfactorily 
with the thcorcucal c\pcctanacs The Rh standard factor was present in ioi 
individuals and absent in 3 cases We have, then 

Rh -{- = 98 58 per cent, Rh — = i 41 per cent 
Of the zoi cases which were Rh positive, 14 were weakly positive ttith the stand- 
ard anti-Rh serums It is possible that these belonged to different Rh subt)pcs, 
but without the ncccssarj antiserums it was impossible to settle this problem 
At some future time we hope to have these antiserums for determining the Rh 
subtypes 

If we give our results in percentages, including for comparison the results ob- 
tained in Santiago, we have*®"'® 



L SANDOVAL S , C HENCKEL, AND L GIVOVICH 


557 


Table i 


Pbee 

Number 

tested 

Al 

A2 

D 

MB 

A2B 

0 

, i 

1 1 

1 

P2 

1 

Q 

R 

Sanaago f-n hires) 

xooo 

r-5 95 

3 85 

9 95 

J-5 

0 

H 

57 75 

0 

00 

1 48 

6 x8| 

76 0 

Caunn (Mapuches) 

105 

8 19 

0 48 

3 41 

0 96 

0 00 

86 8l 

4 33 

0 xy] 

CO 

0 

93 17 


The Indians examined show little crossing with whites because they have a 
high percentage of O, with small frequency of Ai and Al The Ax subgroup was 
present only in one case The frequency of Group B is 3 41 per cent in our senes 
This might be explained, as Landsteiner, Wiener, and Matson suggest, by crossing 
with whites, or perhaps the Mapuche Indians have a small frequency of blood 
group B 

Companng the distribution of the Rh factor among our 105 Mapuches with 
the data from the studies in Santiago, we have 


Table } 



Number tested 

RH+ 

RH- 

Santiago whites*' 

i-,34L 

9° 55 1 

9 35 

Canon (Mapuches) j 

X 05 

98 58 

14- 


We did not have a 100 per cent Rh factor frequency as in Landsteiner, Wiener, 
and Matson s studies on American Indians, but we must draw attention to the 
number of subjects tested, the possible crossing with whites (if we remember the 
percentage of blood group B), and also that the 100 per cent Rh might not apply 
in other Indian populations even though full-blooded 
Our series is relatively small, but tests in 1000 cases, which we believe to be the 
best number for a reliable investigation, arc very difficult to obtain in Chile, be- 
cause the number of Indians is small and very few of them arc full-blooded Simi- 
lar difficulties have been present in all other investigations made on the American 
continent with Indian tribes which arc at present nearly extinct The situation is 
somewhat different in Ecuador, Peru, Bolivia, Brazil, etc , where the Indians 
arc numerous and many arc of pure blood 

SUMMARY 

The authors present a scro-anthropological study of X05 Mapuche Indians 
rom Cautm (Chile) There were 86 8 per cent of group O, 8 3 per cent of subgroup 

b o 5 per cent of subgroup Ax, 3 4 per cent of group B, and i o per cent of sub- 
group AB 
Th 

^34 per cent group B in the senes may be due to crossing with whites or to 

e act that this group was always present in Mapuches even before contact vvith 
V. hues 

The frequency of the standard Rh factor percentage is very high (98 6 per cent) 
“t not 100 per cent as in the data of North American investigators 
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EDITORIAL 


The Hemorehagic Disorders 

F or purposes of convenience, and from the standpoint of our present-day knowl- 
edge, It may be assumed that there are three mechanisms which are concerned 
in preventing the loss of blood from the circulation into the tissues These are the 
capillary wall or endothelial lining, the blood platelets, and those chemical or 
enzymauc substances within the circulating blood which are concerned with blood 
coagulation A breakdown in any one of these several mechamsms may result in 
seepage of blood and thus in petechiae and ecchymoses, in continued oozing from 
small blood vessels, or in the lack of clot formation Based on this perhaps over- 
simplified classification, one may distinguish three types of hemorrhagic disorders 
(i) Vascular or nonthrombocytopemc purpuras having nothing to do with 
either the morphologic or chemical elements of the blood, Ql) thrombocytopemc 
purpura, largely associated with a great reduction in platelets, and, (3) such dis 
orders as hemophilia, hypoprothrombmerma, etc , in which a plasma factor is 
concerned 

Aided by the appropriate laboratory tests, this classification becomes useful in 
the diagnosis of most hemorrhagic disorders Cases are occasionally seen, however, 
which arc rather more difficult to classify Such arc the instances of bleeding dis- 
turbances which are associated with an increased bleeding time in the presence of a 
normal platelet level and a usually normal tourniquet test For these cases, the 
designation of pscudohcmophilia has in recent years been utilized 
Pscudohcmophilia, admittedly a poor designation, is often hereditary although 
isolated cases are common Minor operations lead to excessive and at times uncon- 
trollable bleeding As MacFarlanc has stated, there appears to be a disturbance in 
the retractility of the capillaries following trauma, as a result of which continued 
oozing of blood takes place 

In some respects severe cases of the disorder arc more difficult to treat than the 
fundamentally more serious diseases of hemophilia and idiopathic thrombocyto- 
peme purpura In the former, transfusions of blood or the use of antihemophilic 
plasma globulin arc usually effective, and in thrombocytopemc purpura, removal 
of the spleen usually cures In pscudohcmophilia, on the other hand, transfusions 
and splenectomy arc of no value, and unless the bleeding points can be gotten at 
locally and packed with thrombin-fibrin foam, the bleeding may remain completely 
uncontrolled Ascorbic acid, vitamin P, and the more recently described rutin 
still leave much to be desired in the treatment of disorders of capillary permeability 
and retractility leading to undue bleeding 

William Dameshek, M D 
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HEMATOPOIETIC TISSUES 

OLIVER P JONES, Ph D 

Cbanoes in the Blood of the Dog with Age H E Eitntrom and B DeBttr Anat Rcc }4 663-70, 
1936 

Owing to the increasing number of medical research problems which require experimentation on dogs 
It IS very fittmg that a well controlled study of dogs blood be presented at this time The results reported 
in this article were obtained ftom studies on 158 normal mongrel dogs ranging in age from i daj old to 
adnlt The red blood cell count, hemoglobin \alues, and hematocrit readings decreased steadil} during the 
first! to 3 weeks afterbirth, then the) graduall) increased until most dogs were 6 months old — when the 
hematopoietic S)stcm was stabilized in the adult form The blood specific grasity readings follossed the 
general trend of the red blood cell changes Mean corpuscular volume and mean corpuscular hemoglobin 
values decreased after the first 3 da)S of life to approach the adult figure at about 4 weeks of age Onl) 
minor changes in the mean corpuscular hemoglobin concentration were noted w ith age 

The Peescapular Lymph Node OF THE Ox AND Its Relation TO Ltsiphatic Deainage or THE Skin W A1 
Hindtrjen J Anat !c 107-10 1946 

Although the present aracle is of great importance in vetermary medicine, there are certam general 
principles which might very well obtam in the human being In order to stud) the fate of intracutaneous 
injecuons in the ox and the 1) mphatic dramage of the skin, either india ink or a 1 per cent aqueous solu 
non of trypan blue wasin/ected in amounts ranging from o i toioocc The cattle were killed at intervals 
Til) mg from a few seconds to xq hours after injection and the prescapular lymph node removed Four skin 
areas of the ox were assoaated with drainage to particular portions of the prescapular 1 ) mph node These 
ikm areas were the cranial third of neck, the scapular region, the ventral aspect of the neck and brisket 
and the forelimb from distal humerus to the carpus Lymph drainage from each of these four skin areas 
was confined to a particular portion of the l)mph node This knowledge is of importance m veterinary 
medicine because the prescapular 1) mph node easily palpable in the living and accessible in the dead ani- 
Dial, receives afferent vessels from that part of the body most commonly used for intracutaneous and sub- 
cutaneous injections 

The Amoeboid Movement or the Mammalian Leucocyte in Tissue Culture P P H Di Brujn Anar 
Rec pj 177-9L, 1546 

For a number of y cars K has been known that amoebae inovc as a result of reversible sol gel changes 
ukocy tes have been observed to have similar changes when they migrate and in addition, Lewis (194L) 
reported the presence of constriction rings which remain stationary as the cell moves De Bruy n reports 
t e results of studying these changes in tissue cultures of rabbit lymph nodes and bone marrow The leu 
ocvtc movements were recorded with time lapse photographs on reversible film at the rate of 60 per 
®mutc Constriction rings were observed in cells regardless of whether they had the handmitror or 
"ormlikc types of motion but arc much more frequent m the latter If a given cell had a constriction 
ong at a certain place in the culture, other cells passing this point would also have a constriction ring as 
' => too passed this place This suggested that these rings were caused by phy steal obstacles within the 
cu turc medium Similar results were obtained when leukocytes moved on the flat surface of the cover 
S rom these observations it was concluded that constnction rings do not play an cssenual role in the 
tiona'”'"' Lateral protuberances on the body of the cells were observed to be more or less sta- 

^lonan rather than waves These lateral protuberances were formed when the anterior pscudopodial 
tea became immobilized, and they disappeared when the tail gradually approached this area These pre- 
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tubcrances arc probablj due to a superficial plasma ^el formation which maj contract and dnve the cell 
forward The possible mechanisms concerned with plasma sol and plasma gel changes arc discussed 

BLOOD TRANSFUSIONS AND ERYTHROCYTE SURVIVAL 

CHARLES P EMERSON, M D 

SuRsnvAL OF NoRitAL Erythrocytes aiter Transfusion to Patients wtth Famiual Haemolytic Anae 
MIA (Acholuric Jaundice} J V DacieanJP L Molltscn Lancet r SScr-ji 1943 
The authors studied the fate of transfused normal red cells administered to si\ patients svith congenital 
hemol) tic jaundice manifested b) chronic anemia, h)-pcrbilirubincmia, rcticulocjTOSis spheroc) tosis, 
and increased osmotic cn throcyte fragilit) The rate of destruction of the donor cells followmg trans- 
fusion w as determined b) means of serial red counts, emplo) ing the selcctii e agglutination technic of 
Ashb) w hen group O cells w ere rcceu cd b) indn iduals of other blood groups or the method of W'lcncr 
utilizing differences in the M and N grouping In similar fashion the sunnal of red cells ob- 
tained from one of these patients before and after splenectomy was determined after injection of the blood 
into indmduals wrth mild secondary anemia The purpose of the investigation svas to discos er svhethcr 
the cxcessis e blood destruction associated w ith congenital hemoly uc jaundice is explainable on the basis 
of an abnormal mechamsm of blood destruction in which a arculating red-cell antibody or pathologic 
splenic {uDCUon might be operative, or whether the red cells arc inherently defective and consequently 
short-lived 

It was found that normal cry throcyTCS injected into fisc patients with congenital hemoly tic jaundice 
sun IS cd as long as m rcapicnts w ithout hemoly uc disease the sums al penods totalmg from 100 to 130 
day s In one patient complete destruction of donor cells occurred within 60 day s, in this mstance, how 
ever, an immunologic hemoly uc mechanism could be implicated, namely, the stimulation of ann Rh 
iso-anubodies in response to the transfusion of Rh posiuve blood 

The reverse experiment, in w hich one of these pauents sen ed as a blood donor for a pauent with iron 
defiaency anemia demonstrated a marked susceptibility to destrucDon on the pan of congenial hemo- 
lyuc jaundice red cells Blood samples obtained pnor to, and one year following splenectomv were de- 
stroyed at comparable rates, disappearing completely from the recipients blood within 14 and 19 days 
respecus ely 

Similar studies were carried out in a pauent with paroxysmal nocturnal hemoglobinuria in whom 
transfused red cells survived in normal fashion prosuding confirmatory csudcncc that the mechanism of 
excessive blood dcstrucuon in this disease as in congenial hemoly tic jaundice is related to a pthologic 
properts of the red cell 

The Destruction OF Transfused Erythocytes IN Anabsha G M Brown, 0 C HajuarJ, E 0 Potrtll, 
and L J Wttts J Path &. Bact 8 ^“ 94 , ^944 

Pauents with various ty'pes of anemia were transfused with red cells from normal group O donors 
The survival of the injected cells m these rcapicnts, whose blood groups were other than group 0 was 
thereafter esumated by the Ashby technic 

The rate of donor cell destruenon in six pauents with aneima due to chronic iron defiaenq was rela 
ns ely constant, the toal durauon of sumsal approximatmg 100 days, the average life span, 50 days 
Three pauents wTth chnical evidences of acquited hemolytic disease eliminated the donor cells much more 
rapidly the as erage life of the transfused ery throcy tes in these cases ranging from 7 to 13 das s The rate of 
donor cell destruenon morcos er did not follow a linear cun e, as in pauents ss ith iron defiaency but an 
exponenual tvpe of curve the rapidity of disappearance apparently being a funaion of the concentration 
of donor cells m the rcapient s blood A disappearance curse of this type is interpreted as evidence of an 
abnormal hemoly uc process or iso-anubods operating indiscriimnatcls against all red cells irrespeaisc 
of their age or ongin 

Similar results were obained in cases with anemia complicating acute infections in a pauent with 
pcmiaons anemia of pregnancy and one with muluple myeloma On the other hand the destrucuon 0 
donor cells m pauents with anemia attnbuted to chronic infection and chronic nephnus, and 10 a patient 
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with pcTQiaous anemia rccci^ mg li\cr thcrap\ , occurred at a normal rate, imph mg the absence, in these 
eases, of a hcmol) tic disorder 

Sua\i\AL OF Transfused Red Cells in Blackw ater Fe\er Circul-ation and of Blaclu ater Red Cells 
IN Normal Circulation H Fej, A Kondi, A Rtbelo, and A Sottro Tr Ro\ Soc Trop Med &. Hs g 
}S 171-86 1345 

Blood transfusion has been applied b) the authors in stud) mg the hemol) tic mechanisms responsible 
for blacb water fe\ er Two patients exhibiting this s)ndrome in the course of chronic malaria and quinine 
thcrap) were transfused with normal group O blood The destruction of the donor cells measured b\ the 
Ashb) technic, was excessisel) rapid, as rapid as was the destruction of the recipients own red cells 
when transfusions wxrc gixen during hemol) tic crises During consalescent periods more prolonged 
CT) throe) te survnals were observed, the life span of injected cells evenniall) becoming normal Red cells 
obtained from a patient with blackwater fever during a hemol) tic crisis and a second specimen with- 
drawn 10 da) s following the episode (5 da) s prior to another crisis) survived for abnormall) brief penods 
when injected into recipients in whom there were no evidences of hemolv tic disease 
The authors conclude that the s)ndrome of blackvvater fever is produced b) some unidentified extra 
cellular agent, or factor, capable of destro)ing more normal donor cells as well as the patient s er)thro 
c)tcs Red cells that escape destruction during the acute crisis arc nevertheless irrcvcrsibl) damaged b) 
the hemol) tic mechanism, and, whether the) continue to reside in the patient s circulation or arc trans 
ferred to a normal environment, their survival is consequent!) brief A direct attempt to demonstrate a cir 
culiung hemol) sin by injecting 500 cc of plasma, obtained from a patient during a crisis, into a recipient 
with anive P falaparum malaria recciv ing quinine, failed to prov oked a hemol) tic reaction This failure, 
as the authors pomt out, may signif) mercl) that complete exhaustion ol the h)'pothetical circulating 
hemol) sin had already occurred, possibl) by cellular adsorption 

Maturation and Destruchon of Transfused Homan Reticulocytes Evaluation of Reticulocyte 
Exteriments FOR THE Measuresient OF Hemoglobin Metabolisvi L E Ycun^ and J S Laurtnet 

J Clm Investigation 554-^3, 1945 

An unusually direct and ingenious approach to the problem of reticulocyte maturation is described b) 
the authors, whose methods of investigation included experimental blood transfusion followed b) selec- 
agglutination studies of the recipient s blood A child with aplastic anemia, blood group A 
received blood from a patient with an aty'pical hemol) tic anemia blood group O Three hundred and 
fift) cc of red cells were injected, 73 per cent of which were reticulocytes The fate of the mature and of 
the reticulated donor cells was determined by means of Ashb) counts in combination with reticulocyte 
counts The data obtained mdicatcd that maturation of the transfused reticulocytes occurred in the course 
of approximately 140 hours, almost identical findings, with respect to maturation race were obtained on 
<n ritro incubation of the donor blood m Simmel s solution Destruction of the donor cells was abnormally 
tapid, none being detected in the recipient s arculation after 8 days Nevertheless, the injected reticulo- 
c) tes appeared to be immune to destruction until they had attained maturity 

his concluded that, if the av erage maturation time of reticulocytes is as prolonged as that found in this 
case the reticulocyte count must be considered unreliable as a quantitative index of the rate of hemo- 
poiesis, and reticuloc) te experiments inadequate as a basis for computmg the Itfc span of red cells Thus if 
all rcuculocytes mature after an average period of 140 hours in the peripheral blood, and if the average 
percentage of reticulocy tes in the normal blood is o 7, it follows that the av erage life span of the normal 
ted cells is 833 day s, more than 8 times greater than indicated by transfusion studies or measurements of 
pigment excretion The authors regard this discrepancy as cv idencc that many crythrocy tes must leave 
the bone marrow as mature cells excepting when cry thropoiesis is excessively rapid An alternate ex- 
planation might also be hypothecated, namely that reticulocy tes may enter the peripheral circulation at 
'anous stages of matunt), depending on the rate of blood producuon, and that completion of their 
t^mration in the peripheral blood may normally require much less than the 140 hour period observed in 
t IS case of severe hemol) tic disease 
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The following letter has been received from Venezuela 

Caracas, August i, 1946 

May we bring to your attention the first eases of findings of sickle cell anemia 
and sicklemia in Venezuela 

We think the demonstration of the existence of such blood modifications in our 
country is of the utmost importance in knowledge of corresponding regional 
pathology, inasmuch as previous investigations made by other authors were 
negative 

In Venezuela there exists a great hybridization of the people through the mixing 
of three ethnologic elements — whites, Negroes, and Indians — -to such an extent that 
the individual With racial purity is exceptional, and rbis is wbac makes cbe stud) of 
the distribution of the disease more interesting Moreover, the incidence of cases 
was relatively high in our first investigations 

The identification of x cases of sickle cell anemia and 4 cases of sicklemia has been 
possible The first cases were found in the Paparo region (AAllcy of the Tuy, 
Miranda State) The analysis of 40 nonselected natives permitted the finding of 
globular deforifiation in 1 subjects Then a typical case of sickle cell anemia was 
found in a 3 year old boy of Cumarebo (Falc6n State), who died of mtcrcurrcnt 
disease four months after diagnosis was established Finally, we could demonstrate 
the existence of drepanocytic anemia in a young man of 17, born in Guama 
(Yaracuy State), whose two brothers were found to be affected by sicklemia 
Attention is called to the origin of these patients, all of whom were born in the 
coastal zone of the country where the Negro population ranks highest It is inter 
esting to note, however, that of the 4 cases of sicklemia mentioned, the skin color 
of 3 cases was dark whereas the remaining was completely white The x cases of 
drepanocytic anemia occurred in a blond-eyed subject and the other in a h}brid 
person 

Up to date we do not know if this high incidence of the disease in such a small 
scries analyzed is a matter of coincidence or show's the great frequency of the disease 
in Venezuela Much more extensne studies arc required to clarify this problem and 
at the present time we are engaged in this work 

H Bcnaim pinto 

P O Box 1195 L M Carboncll 

Caracas, Venezuela O L G6mcz 

An author and a subject index, together with a title page and Table of Con- 
tents for all issues of Volume I of BLOOD — The Journal of Hematology, will be 
sent to all subscribers free of charge In order not to delay publication of this 
issue, they will be mailed with the first issue of Volume 11 
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Ascorbic acid therapy in congenial idiopathic 
methemoglobinemia, 447 

Aspiration biopsy in diagnosis of Hodgkin s 
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